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ABSTRACT 
Building maintainability is renowned in the lack of integration with building 
design. This has been seen as one of the major factors contributing to various 
problems facing the building industry, precisely the increasing building maintenance 
costs. Initial study and critical reviews on literatures reveals that there is a need to 
identify a comprehensive building design for maintainability criteria and indicators to 
reduce the overwhelming cost of building maintenance through mitigation of defects. 
To address the above issues, this research was carried to establish an exhaustive 
building design for maintainability criteria and indicators to achieve cost effective 
building maintenance. Total of nine design for maintainability criteria, thirty-eight 
indicators and eighteen cost effective building maintenance indicators were identified 
and validated in two phases of survey and analysis. In the first phase, Delphi survey 
was conducted and in the second phase Structural Equation Modeling (SEM) 
technique was used to validate, develop and determine the structural model of building 
design for maintainability for cost effective building maintenance.  This research aims 
to address the long pending quest of incorporating maintainability during the building 
design phase and form as basis to promote facility management practices in the 
building design phase. The results of this research firmly established the structural 
relationship model among building design maintainability criteria and indicators to 
achieve cost effective building maintenance. The structural model developed through 
this research can greatly benefits and being a useful reference in the construction 
industry particularly for the architects and designers to incorporate maintainability 
during the building design phase to achieve cost effective building maintenance. 
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ABSTRAK 
Keboleh penyelenggaraan bangunan terkenal dengan kekurangan integrasi reka 
bentuk bangunan. Ini dilihat sebagai salah satu faktor utama yang menyumbang 
kepada pelbagai masalah yang dihadapi oleh industri bangunan atau lebih tepat lagi, 
kos penyelenggaraan bangunan semakin meningkat. Kajian awal dan kajian kritikal 
literatur menunjukkan bahawa terdapat keperluan untuk mengenal reka bentuk 
lengkap bagi kriteria keboleh penyelenggaraan bangunan dan petunjuk-petunjuk untuk 
mengurangkan kos yang kian meningkat. Bagi menangani isu-isu di atas, kajian ini 
telah dijalankan untuk mewujudkan kriteria reka bentuk bangunan bagi keboleh 
penyelenggaraan yang menyeluruh dan petunjuknya untuk mencapai kos 
penyelenggaraan bangunan yang efektif. Sembilan petunjuk-petunjuk reka bentuk bagi 
kriteria keboleh penyelenggaraan bangunan, tiga puluh lapan petunjuknya serta lapan 
belas petunjuk kos pembinaan berkesan telah dikenal pasti dan diuji dalam dua fasa 
kajian dan analisis. Dalam fasa pertama kaji selidik Delphi telah digunakan dan dalam 
fasa kedua, analisis permodelan persamaan berstruktur (SEM) telah digunakan untuk 
mengesah, membangun dan menentukan model berstruktur keboleh penyelengaraan 
bangunan bagi kos penyelengaraan bangunan yang efektif. Kajian ini bertujuan untuk 
mengemukakan persoalan yang telah kian lama tertangguh dalam menggabungkan 
keboleh penyelenggaraan semasa fasa reka bentuk bangunan dan membentuk asas bagi 
menggalakkan amalan pengurusan fasiliti pada peringkat reka bentuk bangunan. Hasil 
kajian ini dengan jelas membentuk model hubungan struktur diantara kriteria keboleh 
penyelenggaraan bangunan dan petunjuk-petunjuk bagi mencapai kos penyelengaraan 
yang efektif. Model struktur yang dibangunkan dari hasil kajian ini boleh memberi 
manfaat yang besar dan menjadi rujukan yang berguna dalam industri pembinaan 
terutamanya kepada arkitek dan pereka bentuk bangunan untuk memasukkan unsur 
keboleh penyelenggaraan pada fasa reka bentuk bangunan untuk mencapai kos 
penyelenggaraan bangunan yang efektif. 
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CHAPTER 1 
INTRODUCTION 
1.1 Introduction 
Facility management (FM) defined as “combines skills from design disciplines, 
such as architecture, engineering and interiors, from business fields like, management, 
marketing and real estate, and from behavioral sciences as an umbrella of professions”, 
that responsible for "coordinating all efforts related to planning, designing and managing 
buildings and their systems, equipment and furniture to enhance the organization's 
ability to compete successfully in a rapidly changing world" (Becker, 1990). 
Professional bodies such as; British Institute of Facilities Management (2012), 
International Facilities Management Association (2004) and The Facilities Management 
Association of Australia (2012), define FM as a profession that encompasses multiple 
disciplinary activities that integrating people, place and technology within the context of 
built environment. The scope of FM discipline covers a broader range of services such 
as, building/ ground management and maintenance, asset management, construction 
management, environmental management, catering, cleaning, security, IT management, 
postal, secretarial, health and safety and human resource. Therefore, FM often viewed as 
a field of operational process that lies beyond design, construction, installation and need 
to be in the delivery of the buildings.  
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 Building maintenance considered huge activity in the context of emerging 
discipline of FM. Maintenance crucial for overall life cycle process (planning, design, 
construction, occupancy) of a building. However, maintenance and few other FM input 
such as sustainability, landscape and space are renowned in the lack of integration with 
building design. Based on the studies conducted by Mohammed and Hassanain (2010); 
Ramly (2006); Wilson (2002); Chanter and Swallow (1996), the inconsideration of 
maintainability during the building design has been seen as one of the major factors 
contributing to various problems facing the building industry. Among those problems 
are namely, building services related defects, early deterioration of building components, 
inadequate structural design (foundation), inadequate waterproofing and drainage, 
inadequate accessibility for repair, replacement and cleaning process, improper material 
selection and so on (Al-Shiha et al., 1993; Al- Hammad et al., 1997; Silva et al., 2004; 
Ishak et al., 2007; Das, 2010). These increasing numbers of design deficiencies can be 
reflected through the lofty maintenance costs (Silva and Ranasinghe, 2010; Ballast, 
2010; Al- Hammad et al., 1997), high rate of environmental and biological defects 
(Chew and Tan, 2003) as well as social consequences (Chew et al., 2005 and 2004).  
 The integration of maintainability during the building design is of essence since 
able to pursue a balance among economic, social and functional, as well as 
environmental performance of a construction project. Various building scholars and 
literature have evidenced the significant of integrating maintainability during the 
building design, as shown in Table 1.1. 
Table 1.1: Significant of integrating building maintainability 
Authors Significant of integrating maintainability 
Blanchard et al. (1995) 
Increases the life of infrastructure assets, reduces the costs & 
increases benefits of the final delivered project. 
Dunston & Williamson (1999) Reduced costs for the contractors and the facility owners. 
Nayanthara et al. (2004) 
Minimize building life-cycle cost (LCC) & increase efficient 
use of asset. 
Chong and Low (2006) Prevent nearly 66% of building defects. 
Felten et al. (2009) Save approximately 20% of the annual operating cost. 
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1.2 Research Background 
In recent years, the developed world increasingly facing the overwhelming total 
costs of operating and managing buildings due to huge maintenance workloads during 
the post occupancy phase (Wood, 2012; Das et al., 2010 and Building Maintenance 
Information (BMI), 2000). Studies indicate that American industry spends more or less 
$200 billion each year on maintenance (Fogel and Petersen, 1997). Additionally, it is 
estimated that in the UK, up to 50% of the construction budget was spent for repair and 
maintenance works in buildings (Boussabaine and Kirkham, 2004). While BMI (Wood, 
2005) reported in the last 10 years, building maintenance are increased about 66% and 
between 1989 and 2000, it’s take about 43.6% increasing (El-Haram, Marenjak and 
Horner, 2002). A recent research in US, reported the increase of maintenance costs over 
the last ten years (1997-2007) is 3.3% for residential, non-residential and military 
facilities buildings (Whitestone Research, 2007). Meanwhile Hong Kong recorded an 
increase in the cost of maintenance work over the past 5 years. In Singapore, the average 
annual maintenance expenditure for residential buildings is claimed to be S$37.99 per 
square meter, which is significant, when compared to the average turnover in 
construction (Building Construction Authority (BCA) Singapore, 2000). These numbers 
of studies are enough to demonstrate that, there is indeed high maintenance cost burdens 
facing by the building industry globally. 
Authors Significant of integrating maintainability 
Das & Chew (2011) 
Able to mitigate defects to balance decreasing maintenance 
budgets and increasing building standards. 
Saghatforoush et al. (2012) 
Making Project Life-cycle longer by eliminating the failures 
during the maintenance phase. 
Wood (2012) 
Able to maintain a building economically & effectively 
through its life. 
Ismail and Mohammad (2014) 
Building adaptable to future needs and maintain a stable 
usage cost throughout the building’s design life. 
Nicolella (2014) 
Lead to minimization of difficult and costly operation to 
users. 
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In the context of Malaysia, every year billions of ringgits were losing by the 
government due to the increasing building maintenance cost (Ali, 2009; Lateed, 2008). 
Malaysia is developed by the National Physical Plan (NPP), under which the Five Year 
Malaysia Plan (FYMP) is carried out. In this Malaysia Plan, focus will be given to the 
investigation on the preparation of annual budget for the maintenance of government-
own building. In order to attain clearer picture on increasing maintenance cost of 
building in Malaysia, it is necessary to highlight the budget allocation for maintenance 
and repair works of public buildings. Under the 9th Malaysian Plan (2006 – 2010), the 
government has allocated the sum of US$ 330m for upgrading, renovating, and 
maintaining various facilities as part of the development budget (Government of 
Malaysia, 2006; Mohd Sidek, 2007). Under the 6th (1990-1995), 7th (1996 -2000) and 
8th Plans (2001-2005), allocation for maintenance and upgrading as a percentage of the 
development allocation was 0.2% under each of the Plans, while under the 9th Plan 
(2000-2010), the allocation increased substantially to 0.5%. This marked an increment 
of 150%.  
In financial terms, the allocations increased from RM 101 million under the 6th 
Plan to RM 203.2 million under the 7th Plan. This is an expansion of about 100%. 
Further, there was some 6% expansion under the 8th Plan compared to that of the 7th 
Plan. However, under the 9th Plan, it further increased from the RM 214.5 million to 
RM 1,079 million, an expansion of some 403%. Additionally, in 2006, the Malaysian 
Government allocated about 1 trillion ringgits towards repairing and maintaining public 
building facilities (Government of Malaysia, 2006). Adding to this, in year 2005, 2007 
and 2009 the Government allocates a special allocation of RM 2.5 billion, RM 1.0 
billion and RM 615 million respectively for maintenance works (Mohd-Noor et al., 
2011). These allocations proves that the maintenance cost of public building in Malaysia 
is now clearly increasing and directed to ineffective building maintenance cost. 
 
 
 
5 
 
 
In addition, Eizzatul et al., (2012) highlighted in her research that buildings in 
Malaysia are suffering from ineffective building maintenance cost. Analysis by Lateef 
(2008) illustrates that the expenditure on maintenance in Malaysia is on the increase due 
to a huge backlog of building maintenance. He further stated that, buildings in Malaysia 
require effective maintenance; otherwise they will become liabilities. Also, it has been 
established that there is a gross inadequacy in the way of schools’ buildings is managed 
(Zainal Abidin and Roslan, 2006). Even, Mohd Zulakhmar (2006) stressed that the 
procedures of maintaining buildings in Malaysia are not effective. As refer to numerous 
building maintenance related researchers namely; Sani et al. (2012); Mohd-Noor et al., 
(2011); Ali et al. (2009), (2010); Lateef, Khamidi and Idrus, (2010) and Zuhairuse et al., 
n.d.; asserted that, the ineffective building maintenance cost issues are known among the 
biggest obstacle facing by the building industry in Malaysia. 
Consequent from the alarming building maintenance cost (Chew and Silva, 
2004), the building maintenance and management issues has arisen in mounting 
significance. Hence, many countries are increasingly realized the importance of 
understanding, recognizing and assessing the overwhelming total costs of building 
maintenance (Arditi and Nawakorawit, 1999(a), (b) and Wood, 2009). Along with it, one 
of the more impending tasks which has been increasingly become a matter of growing 
importance in many countries is reducing the amount of significant building defects and 
thus minimize the rising cost of building maintenance. Building defects were defined as 
results of failures or shortcomings in the function, performance, statutory, or user 
requirements of the structure, fabric, services, or other facilities of buildings (Low and 
Wee, 2001). Defects arising in a building often exhibit a chain effect, hinder 
performance, increase maintenance workloads and contribute to increasing building 
maintenance cost (Josephson and Hammarlund 1999; Ilozor et al., 2004).  
To date many research had been conducted in the face of identifying the factors 
causing increasing building defects. As refers to researches, design limitations (Building 
Research Establishment, (BRE), 1983; Adejimi, 2005; Ishak et al., 2007; Alhaji and  
6 
 
 
Hassain, 2010; Sivanathan et al., 2012), poor construction quality and knowledge (Al-
Hammad et al., 1997; Dunston, 1999; Mills et al., 2009), inadequate maintenance 
planning and practice (Bleanchar et al., 1995; Horner et al., 1997; Shabha, 2003), 
material limitations (Peacock, 1986; Olubodun, 1996; Chew et al., 1999; 2000), as well 
as external factors such as climate; environment, soil condition, and chemical attack 
(Gambardella and Moroni, 1990; Honstede, 1990; Richardson, 1991) are among the 
factors causing inherent maintenance problems and induce high maintenance cost. 
However, vast amount of researches has highlighted that, increasing cost of building 
maintenance is highly attributed to design limitations. Design limitations known as the 
defects or problems causes due to faults in building design.  
Survey of Assaf et al. (1996) on 11 major groups of defects through a literature 
review and interviews showed that building defects were mostly generated by design, 
specifications. The survey by Josephson and Hammarlund (1999), on seven buildings 
through observations and surveys showed that 32% of all defect costs originated from 
the client and design. Additionally, in Hong Kong Lam (2000) broadly stressed that, the 
causes of building maintenance problems and defects under design were accountable up 
to 40% of the overall cause. On the other hand, in Singapore, building defects due to 
poor design specifications led to 60% of the overall cause of building maintenance 
related problems (Chong and Low, 2006).  Meanwhile in Malaysia, studies by Abdul 
Mohsen and Sadi (1997) and Nor Haniza et al. (2007) affirmed that building failures and 
defects in buildings are resulted due to design faults. In a research carried out by 
Mohammed Alhaji et al. (2010), they stated that most of maintenance problems existing 
in the facilities are not caused by construction failure but from building design failure. 
On the other hand, Sophia (2011) had carried out a pilot study to identify the causes of 
ineffective maintenance cost in Malaysia buildings. The results show that increasing 
building maintenance costs is attributed to the failure of building design. For an instance, 
The Majlis Perbandaran Johor Bahru Tengah (MPJBT) administration building’s 
external walls were made from glass and needed to be maintained every 6 months. The 
maintenance costs for this work have reached about RM25,000 every six months. 
Another issue  
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identified by Sophia was in relation to the Taman Impian Emas public market, which has 
an aesthetic roof design. However, due to design faults, the roof of the market need 
undergo repair at the cost of RM300, 000. Further, Ramly et al. (2006) reviewed 4,389 
records from 36 public housing areas in Kuala Lumpur, and found that 47% of the 
building defects were caused due to design faults. 
Recognizing the increasing building maintenance cost due to inherent 
maintenance problems, building industry is moving forward on identifying the solution 
for this situation (Chew et al., 2004 and Wood, 2009).  It is apparent that, ineffective 
building maintenance cost has forced the industry to recognize the immediacy to rectify 
and to reduce such incidences and consequently reduce the increasing building 
maintenance cost. 
1.3 Problem Statement 
Recognising the importance of achieving cost effective building maintenance 
(CEBM), it is vital to decrease the mounting numbers of building defects generated due 
to design faults. Design decision and substitution made during the initial phase of 
building construction have major impact on the overall performance of a building. 
Hence, maintenance workloads plus increasing maintenance cost can effectively resolve 
if building design takes into account the need for careful and methodical planning, 
monitoring and execution of future maintenance. For this statement, previous 
researchers; Silva, Ranasinghe, and De Silva, (2012); Wood (2012); Das and Chew 
(2011); Chew et al. (2010); Banaitiene (2008), have supported and stated that ‘the 
incorporation of building maintenance into the building design phase denotes ease of 
maintenance through mitigation of defects and consequently contribute to reduce 
maintenance cost and time. The integration of maintenance activities during the building 
design phase is a concept refers as ‘building design for maintainability’ (BDM).  
 
8 
 
 
Predominant amount of reports and studies signifies that, BDM is a significant 
issue to be considered during a building development process (Silva and Ranasinghe, 
2010; Che-Ani et al., 2009; Liu, 2006). Lack of BDM consideration, has been seen as 
one of the major factors contributing to various problems facing by the building industry 
(Wilson, 2002; Chanter and Swallow, 1996; Ramly, 2006). It is substantiate that, the 
consideration of BDM able to reduce the building defects decrease the increasing 
building maintenance cost and consequently achieve cost effectiveness. This statement is 
supported by a case study conducted by Chong and Low (2006), which found that design 
integrated maintenance able to prevent nearly 66% of building defects.  In addition, 
investigation of Dunston and Williamson (1999) revealed evidence that, few projects in 
the building construction industry that have focused on the maintenance concerns during 
the design have typically realized reduced maintenance costs. Even Ismail and 
Mohammad (2014) highlighted that, incorporating maintainability consideration into 
building design lead to cost effectiveness throughout the building life. Further, Emirates 
Business (2009) declared, 10% of investment cost and 30% of operating cost can be 
saved if maintenance incorporated during the design phase. Thus, one prospective 
solution to address the issue of higher maintenance cost is to make certain the marriage 
of maintainability with the building design.  
Unfortunately, architects and designers often overlook this most important factor, 
which has the potential to carry out future maintenance tasks easefully (Koo, 2000). As a 
result, building industries are still suffering with mounting numbers of maintenance 
problems and increasing maintenance cost. In Malaysia, maintainability has higher 
significance due to its tropical climate. This is because, in tropics building components 
need additional maintenance as alternate dry and wet seasons shorten the lifespan of 
materials to a great extent (Chew et al., 2004). Further, Malaysia also needs to outwit the 
standard of building and its facilities in order to attract and retain global investors as 
well as increase and strengthen the economic profile of the country. Hence, the 
incorporation of BDM is considered as necessary for buildings in Malaysia. However, 
the integration of BDM seems to be lack in Malaysia  
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(Ramly, 2006; Razak and Jafar, 2012), although in the 2009 manual of asset 
management, the Government of Malaysia has published that, requirements such as 
maintenance, space, landscape and energy should be considered in the design stage.  
The statement by Ramly (2006); Razak and Jafar (2012) is also supported by 
Rozita (2006). In her study, that involved 38 designer firms (architectural, civil and 
structural) and 30 maintenance firms in Malaysia, Rozita (2006) concluded that 
maintainability is rarely considered during the building design phase by architects in 
Malaysia. In the effort to validate the relevance of Rozita’s findings after an 8 year gap 
the author of this research conducted a preliminary survey (refer section 4.5.2, Chapter 
4) that involved architects, engineers (mechanical, electrical and civil) and facility 
managers/ maintenance managers to study the awareness on maintainability and its 
consideration during the design phase. The result of the survey reveals that building 
practitioners in Malaysia are still oblivious in considering BDM strategies.  The 
summary of the preliminary survey is shown in Table 1.2. 
Table 1.2: The Awareness of Malaysia Building Practitioners on Building 
Maintainability Knowledge. 
  Questions Asked 
Architects 
Engineers 
(Mechanical; 
Electrical; Civil) 
Facility 
Managers/ 
Maintenance     
Managers 
YES NO YES NO YES NO 
1) Awareness on Maintainability 80% 20% 85% 15% 30% 70% 
2) Awareness on Building Design 
for Maintainability 
70% 30% 60% 40% 30% 70% 
3) Consideration of Maintainability 
during the design phase. 
42% 58% 35% 65% 25% 75% 
           Source: Preliminary Study (2013) 
The percentage figures shown in the Table 1.2 demonstrates the level of 
awareness of Malaysia’s building practitioners on the knowledge of maintainability. The 
questions were divided into 4 main categories namely; 
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i)  Awareness of building practitioners on building maintainability  
ii) Building practitioners awareness on building design for maintainability. 
iii)  Consideration of maintainability aspects during the design phase of a 
building by the building practitioners. 
iv)  Reasons for considering and not considering BDM practice. 
Category (i) included to identify whether the practitioners are aware on 
maintainability concept applied to a building and its facilities. Category (ii) is to identify 
the awareness of practitioners on the BDM concept. It is important to focus on BDM 
concept as the research focuses on maintainability considered during the design phase 
although maintainability can be implemented throughout the entire life-cycle of a 
project. Category (iii) is to identify the consideration of maintainability aspects during 
the building design phase by the building practitioners. This is to know whether the 
practitioners consider the maintainability characteristics during the project design phase. 
Category (iv) is to identify the reason behind considering or not considering BDM 
practice by the building practitioners. This is to know what would be the reason for 
considering and not considering the BDM practice. The result of pilot survey shows that 
a large majority of the practitioners aware on maintainability and BDM. However, most 
of them less consider the maintainability and BDM aspects. The result of this 
preliminary study also supported by the study conducted by Rozita (2006) as both 
demonstrating the similar result. 
The practitioners (48% architects, 35% engineers and 25% facility managers) 
that agreed for considering maintainability during the building design phase notified that 
they mainly stress ‘easy access’ (maintainability characteristic) during the building 
design phase. It is important to highlight that, the respondents agreed and assumed that a 
building would be ‘maintainable’ if the easy access feature is considered. Thus, in the 
previous project they consider easy access features solely during the design of a 
building. Further, the respondents that never experience taking maintainability into 
consideration during the design phase they not familiar with BDM characteristics. From 
their responses, respondents highlighted that  
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unavailability of maintainability guideline, limited amount of construction cost, plus 
with the presence of several demand; especially complex design, higher level of building 
system and services from the building stakeholders, occupants and owners, are the 
reasons for not considering BDM. Thus, it is so obvious that, the unclear understanding 
of BDM criteria are the main reason for not considering maintainability during the 
building design phase by the Malaysia’s construction industry (Preliminary Survey, 
2013).  
Although many maintainability related studied had been carried out by the 
academic research and comprehensively discussed the issue of maintainability in 
journals and conferences, yet, in the practical world, most organizations have no 
comprehensive and established criteria to induce towards the aim to achieve 
maintainable as well as CEBM. It is undeniable, that various scholars and professionals 
in the construction industry have brought forward some maintainability criteria to be 
considered. Adding to this, the emergence of recent maintainability studies has brought 
similar and some particularly related maintainability criteria into view (see Table 1.3). 
These limited maintainability criteria may lead to the inadequate maintainability 
decision to be considered during the design phase. Therefore, it is apparent to impose a 
comprehensive list of BDM criteria and indicators to be considered during the building 
design. The Table 1.3 lists down the BDM criteria identified by previous researches in 
different maintainability studies. 
Table 1.3: The BDM criteria identified by previous researches in different 
maintainability studies. 
                 Criteria               Indicators Authors 
1)   Accessibility 
2)   Commercial Availability of Spare Parts 
3)   Cost for Replacement Parts 
4)   Standard Tools 
5)   Clear instructions for Maintenance tasks 
    - Her & Russell 
(2002) 
1)  Accessibility 
2)  Downtime  
3)  Material Performance 
4)  Environment 
    - Chew et al. 
(2004) 
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As can be seen in Table 1.3, there are only limited and comparatively similar 
maintainability criteria had been identified. Yet, if we think more broadly about enabling 
the whole building, it will be realized that, to make the whole building ‘maintainable’, it 
is vital to include many more dimensions associated with appropriate supports from the 
built environment professionals (Duggan and Blayden, 2001). The availability of 
inadequate maintainability criteria blur the clarity on what the factors need to be 
considered in order to achieve better maintenance. Additionally there are only countable 
research was conducted to identify more specifically the indicators of each 
maintainability criteria and thus it leads to the inability of comprehensive information to 
be applied during the building design phase. The unavailability of indicators for each 
maintainability criteria had result the identification of maintainability criteria to be 
incomplete. This is because, having maintainability criteria independently had vague the 
ability of maintainability decision to be considered during the design phase. Therefore, 
the identification of indicators for each of the BDM criteria is apparent to form more 
comprehensive and clearly delineated decisive maintainability criteria. 
 
                 Criteria Indicators Authors 
1)   Construction Quality 
2)   Environment 
3)   Material Durability, Sustainability & Maintainability 
6)   Maintenance Quality 
    - Chew et al. 
(2006) 
1)  Efficient Access  
2)  Adequate Safety 
3)  Maintenance needs 
4)  Plan for Easy maintenance 
5)  Environment Consideration 
    - Silva & 
Ranasinghe 
(2010) 
1)  Accessibility 
2)  Clean ability 
3)  Functionality 
4)  Compatibility 
5)  Complexity 
     - Saghatforoush 
et al. (2012) 
1)  Accessibility 
2)  Material Selection                                                       
3)  Communication                                                          
4)  Environment 
5)  Standardization 
6)  Maintenance Cost                                                                                        
7)  Easy Assembly 
8)  Diagnose ability 
 
     3- 4 
Indicators 
 for each       
criteria 
Sivanathan  
(2014) 
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As the main objective of identifying comprehensive BDM criteria and indicators 
are to reduce the overwhelming cost of maintenance through mitigation of defects, it is 
vital to discover the relationship among both of it. This aspect is vital in providing the 
building practitioners a clear picture of structured way or commonly described as 
“structural relationship” of BDM criteria and CEBM. The term CEBM is defined as a 
building which deemed design to be lowest maintenance costs and with greatest return 
on investment (Whole Building Design Guide (WBDG), 2012; Krstic and Marenjak, 
2012; File, 1991).  Further, the word “structural” is defined as relating to the 
arrangement of and relations between the parts or elements of a complex whole (Pearsall 
& Hanks, 1998). Structural relationship or “what factor lead to what factor” will 
eventually help the building professionals determine the relevant BDM criteria and 
indicators to achieve CEBM. Hence, it is strongly assumed that providing the structural 
relationship among BDM criteria and indicators with CEBM will help the findings be 
more comprehensive and clear. 
Despite of all these facts, the question is, did the previous researches on 
maintainability consider the BDM criteria and indicators to reduce the spiralling 
building maintenance cost burdens? Unfortunately, the identification of comprehensive 
BDM criteria to be applied during the design phase of building in particular to achieve 
CEBM is still known as unsolved riddle. This is based upon a review of former 
researches that focus on the BDM issues. The Table 1.4 below shows the summarize 
version of researches carried out by various researchers related to maintainability issues 
from the year of 1970’s till lately. Although the consideration of maintainability has 
been studied by various research since 70’s, the tables shows that, the studies carried out 
by the previous research can easily explain as twofold; On the one hand, much attention 
have been given to the temporal aspects of building maintenance; maintenance 
workloads (common maintenance defects) encountered result of neglecting 
maintainability aspects (Gibson, 1979; Ransom, 1981; Ikpo, 1983; Seeley, 1987; Al-
Hammad et al., 1997; Dunston et al., 1999, Ishak et al., 2007 and Das et al., 2010) and 
barriers to implement maintainability during the design phase (Che-Ani, 2009; Lin et al., 
2003). On the other hand, few have taken  
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initiatives to develop drivers such as organizational success factors, best practices and 
guidelines to be followed by built environment professionals to implement 
maintainability input during the design, construction and maintenance (Ismail and 
Mohammad, 2014; Silva et al., 2004; Duggan and Blayden, 2001; Meier and Russell, 
2000 and Mills, 1994), some studied on significant design, construction and 
maintenance risk factors for better maintainability (Das and Chew, 2011; Chew and Das, 
2007 and Silva and Ranasinghe, 2010). Few more researches seems to extreme and 
possible to develop maintainability framework, index, scoring device and even 
assessment model to evaluate the maintainability level of building (Das and Chew, 2010; 
Chew et al., 2008(a), (b); Chew and Tan, 2004 and Nicolella, 2014).  
Table 1.4: A Review of Previous Studies on Building Design for maintainability Issues  
Year Author Maintainability Issues 
1979 Gibson The effect of faulty design on building maintenance. The 
importance of implementing maintainability during design. 1981 Ransom 
1983 Ikpo  
1987 Seeley 
1997 Al-Hammad et al. 
1999 Dunston et al. 
2000 Meier & Russell Maintainability best practices into a model implementation 
process as starting point for implement maintainability. 
2001 Duggan & 
Blayden 
Organizational collaboration to implement design stage 
maintainability to ensure productivity, cash flow & profitability.  
2002 Her & Russell Milestones of the Construction Industry Institute model process 
for maintainability implementation. 
2003 Chew et al. A model was developed to assess the maintainability of 
façade using neural network techniques. 
2003 Lin et al. Develop a computer based decision support system for 
improving the communication between building design and 
maintenance through Building Automation Systems. 
2004 Chew et al. Offers 2 approaches to integrate with the maintainability concept 
to augment building performance throughout its economic life. 
2004 Bamisile  Explained how the maintainability analysis could be carried 
out before construction. 
2004 Silva et al. Identification of key factors (knowledge & benchmark) to 
enhance the level of maintainability in buildings. 
2007 Ishak et al.  The effects of design on the maintenance bring awareness 
and approaches for better maintenance works.  
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Thus, it is obvious that there is a still a gap of what are the inclusive BDM 
criteria and indicators that need to be considered during the building design in order to 
achieve CEBM (Duggan and Blayden, 2001). The unavailability of comprehensive as 
well as clearly delineate BDM criteria and indicators result in uncountable building 
defects and impose high maintenance cost. In short, there is a need to identify the 
comprehensive (or important) building BDM criteria and indicators that provide 
maintainable building and subsequently influence CEBM. Consequently, this will lead 
to an improved future building designs, construction quality, maintenance management, 
and etc.  Hence the author find, it is necessary to study more broadly on the term 
‘maintainability’ and its associated criteria to open up a possible path for the 
practitioners, particularly Malaysia’s construction industry to apply those criteria during 
the building design phase. 
 
 
 Author Maintainability Issues 
2009 Che-Ani et al. Identification of design for maintainability factors that 
contributing to stabilize the sustainability and maintenance. 
2010 Silva & 
Ranasinghe 
Maintainability Problems and strategies to solve those 
problems. 
2010 Alhaji & 
Hassanain 
Investigate the role of the facility manager in the architectural 
design process. 
2010 Das et al. Decision-analysis framework for building maintainability 
management. 
2011 Das & Chew Developed defect grading tool to improve building 
maintainability by preventing defects. 
2012 Wood A Mind mapping developed as a framework for buildings that 
are economical and efficient to build and to run. 
2012  Sivananthan et al. Overview Design Deficiencies on Ease of Maintenance. 
2014 Ismail and 
Mohamad 
Incorporate building maintainability factors in building 
design to improve the building design life. 
2014 Nicolella A methodology for evaluating maintainability as a tool for 
durable and sustainable buildings. 
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In summary, the issues that are addressed in this research are: 
i) The comprehensive design for maintainability criteria and indicators to be 
applied during the design phase of a building to achieve cost effective 
building maintenance need to be identified and clearly explained.  
ii)  The structural relationship of the design for maintainability criteria and 
indicators to achieve cost effective building maintenance need to be 
identified.  
1.4 Research Questions 
This research attempts to answer the following questions; 
1) What are the cost effective building maintenance indicators? 
 
2) What are the building design for maintainability criteria and indicators to be 
considered during the building design phase to achieve cost effective 
building maintenance? 
 
3) How are the structural relationship among the design for maintainability 
criteria and indicators to achieve cost effective building maintenance? 
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1.5 Research Objectives 
Addressing the issues mentioned in Section 1.3, this research aims to study the 
influence of building design for maintainability on achieving cost effective building 
maintenance. Subsequently, a structural model for establishing the relationship between 
building design for maintainability and cost effective building maintenance will be 
developed. In pursuance to achieve the aforesaid aim, the research will focus on the 
following objectives.   
i) To identify the cost effective building maintenance indicators. 
 
ii) To identify the building design for maintainability criteria and indicators 
to be considered during the design phase to achieve cost effective 
building maintenance. 
 
iii) To determine the structural relationship among the building design for 
maintainability criteria and among the indicators to achieve cost effective 
building maintenance. 
1.6 Scope of the Research 
The first scope of this research involves a panel composed of experts closely 
related in building design, maintenance and its related field (Architecture, Civil 
Engineering, Structural Engineer, Building Service Engineer, Building maintenance or 
management, Facilities maintenance or management and Quantity Surveying etc) in the 
Klang Valley, Penang, Ipoh and Johor. In the absence of much literature on the 
comprehensive building BDM criteria and indicators, it is imperative to validate the 
identified criteria and indicators through the expertise who possess substantial 
experience in building design and maintenance practices. This expertise does not  
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have to be academic; it could be the knowledge of an experienced practitioner (Valerdi, 
2013). The panel of experts will be selected based on a number of criteria including their 
research interest (knowledge) and experience with the issues under investigation (Jeffery 
et al., 2000; Hardy et al., 2000; Skulmoski et al., 2007; Valerdi, 2013), hierarchy or 
position (Mead and Moseley, 2001; Valerdi, 2013), publications (academicians) 
(Duncan et al., 2004; Valerdi, 2013) or involvement in projects (practitioners) (Powell, 
2003; Cantrill et al., 1996; Haughey, 2010), and their willingness to participate (Powell, 
2003; Skulmoski et al., 2007). Delbecq et al. (1975) further stated that the professional 
staff members together with their support team are well qualified to be subjects of a 
Delphi study. 
A number of experts in the area closely related with building design, 
maintenance and its related field have been identified by the researcher using 
judgemental sampling as the potential population (see Appendix A, Table 1) of Delphi 
panel. The panels of experts who showed their willingness and interest to participate in 
the research from the potential population had been listed (see Appendix A, Table 2). 
Around 16 experts’ panels in the area of study have confirmed to participate in this 
research. They are all experienced and well performed in building design and 
maintenance topics. The panel of experts served to validate the CEBM indicators and 
building BDM criteria and indicators identified from the literature. In addition, the 
panels of experts also will determine the BDM criteria and indicators that associated 
with particular building elements (basement, facade, floor, roof, lighting system, HVAC, 
lift, sanitary plumbing and fire-protection). 
Second, for the purpose of main survey the people closely related to the design 
and maintenance of buildings was involves. This consists of architects, civil engineers, 
building maintenance personnel (facilities and property maintenance personnel), 
building engineers and building surveyor that operate in Klang Valley, Penang, Ipoh and 
Johor. Their opinion on the building performance criteria and indicators to be identified 
in this research is the backbone to the achievement of the research objectives. 
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Third, as the research focuses on integrating maintainability during the building 
design and certain elements of a building from maintainability point of view, the 
structural model that was developed have been limited neither by complexity, size or 
type of building.  
1.7 Significance of the Research 
This research contributes to; 
1.7.1 Filling in the gap that exists in the delineation of the building design for 
maintainability criteria and indicators and contribute to the knowledge. 
Though numerous literatures and studies has been conducted on building 
maintainability, yet there is still a gap of what are the actual and significant building 
maintainability criteria and indicators that need to be considered during the building 
design, construction and maintenance phase. As for the time constraints and several 
other limitations, this research intended fill the gap of identifying building design related 
maintainability criteria and indicators to achieve CEBM especially in the context of 
Malaysia. Thus, by studying and identifying the BDM criteria and indicators, this 
research expands knowledge on the influence of BDM towards achieving CEBM. 
1.7.2 Provide beneficial reference for local architects, design engineers, facility 
managers, engineers, construction manager and building owners. 
The research will solve the long pending quest of inadequate awareness of 
building professionals on maintainability and the consideration of maintainability  
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during the design phase. In general, this research believed to be beneficial reference for 
local architects, design engineers, facility managers, engineers, construction manager 
and building owners to incorporate maintainability in the design stage to ensure a 
successful cost reduction during the building maintenance phase particularly for future 
projects in Malaysia. This is because the result of this research will assist the 
professionals in the building design phase to put extra care to attain better maintenance 
during the building maintenance phase. As a result, the maintainability related problems 
occur during occupancy stage that relatively increase cost burdens could be reduced. 
1.7.3 Seeks to obtain useful knowledge and an in depth understanding as well as 
introduce new courses for postgraduate and undergraduate of built 
environment students on incorporating maintainability aspects during the 
design stage. 
This study also seeks to obtain useful knowledge as well as an in depth 
understanding on integrated BDM issues. This study will also enhance the research 
potential of the investigators to explore all other issues related to the subject area in the 
future. Additionally, the educational aspect of the research has been designed to provide 
an excellent opportunity to both the postgraduate and undergraduate of Facility 
Management and Construction Engineering students to improve their understanding on 
incorporating maintainability aspects in the design stage.  Incorporating maintainability 
during the design stage is still relatively new concept and yet to be investigated and 
taught in construction programs.  To meet this new challenge, this paper plans to 
introduce new courses in our graduate level facility management program and the 
emerging results of the study will be integrated into the coursework, senior design 
project and thesis work. The findings of the paper will be disseminated through major 
international journals and magazines. 
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1.8 Research Methodology 
The research work is executed in two main phases as discussed below. The 
research methodology is illustrated in the flow chart shown in the Figure 1.1. 
The first phase in the research methodology is aimed to obtain a holistic idea of 
the research problem and recognized the knowledge gap. A thorough review on various 
literatures was conducted to obtain the issues and problem associated with the study 
area. In order to investigate and verify the issues obtained through reviews with the 
Malaysia’s situation, a simple pilot survey was conducted in the early phase of the 
research. Three groups of respondents were selected for the pilot study, consisting of 
architect, maintenance personnel and engineer (civil, electrical and mechanical). The 
main aim of the research in the first phase is to identify, from the available literatures, 
the BDM criteria and indicators to achieve CEBM. Through critical review of the 
available literatures the indicators of CEBM were first identified. The CEBM indicators 
were used as a needle to form the theoretical BDM criteria and indicators.  
Following the critical review on literature, next step is aimed to verify the CEBM 
indicators and BDM criteria and indicators obtained through literature review. Delphi 
Method (expert’s opinion) is the method that will be used to conduct the verification. In 
first phase of Delphi survey the CEBM indicators and the BDM criteria and indicators 
will be verified. In the second phase of Delphi survey experts will be required to 
determine the BDM criteria that applied for the associated building elements (basement, 
facade, floor, roof, lighting system, HVAC, lift, sanitary plumbing and fire-protection). 
Respondents used for this Delphi study will be expert from building design, maintenance 
and its related field (Architecture, Civil Engineering, Building Maintenance, Quantity 
Surveying, etc). 
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In the second phase of the research methodology, the verified theoretical design 
for maintainability criteria and indicators were converted into questionnaire form and 
distributed to the respondents of the survey in order to examine and validate the 
proposed relationship between the constructs. Therefore, first questionnaire will be 
developed based on the output received from expert’s survey, to collect empirical data to 
test the proposed theoretical model. As BDM deals with design and maintenance, the 
designers, architects, property or facility managers were considered the best respondent. 
Respondents will be selected from the membership list of professional bodies in 
Malaysia namely, The Board of Valuers, Appraisers and Estate Agent, Malaysia 
Association of Facility Management (MAFM), The Board of Architects Malaysia 
(LAM), Malaysian Institute of Architects (PAM) and The Construction Industry 
Development Board (CIDB). Before the main survey distribution is conducted, a pilot 
study will be conducted in order to test the reliability of the main questionnaire. Finally 
the questionnaire distribution will be conducted.  
 The last phase (second process of phase two) of the research methodology, aims 
to analyse the obtained data from the main survey to develop a structural model to reveal 
the causal relationship of the proposed model. The data obtained from the main survey 
will be analysing using the partial least square (PLS) approach of SEM. 
  
                                 
                 
 
                                  
 
                
  
  
 
 
 
 
Figure 1.1: Research Methodology Diagram 
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1.9 Structure of the Research 
This dissertation has been organised into 8 chapters according to the logical 
development that has taken place over the entire period of research. The overall 8 
chapters are as organized as following; 
Chapter 1. Introduction: In this chapter a general introduction, background and the 
justification of the research has been provided. A brief overview on the concepts of 
BDM and its importance were also explained. It further addressed the aim and 
objectives, scope and purpose, the significance, the methodology applied to conduct this 
research and a brief summary on the structure of this thesis.  
Chapter 2. Integrated Maintenance in Building Design: To obtain a holistic idea of 
the research problem, and the rationale and concept of integrated maintenance during the 
building design phase. Therefore, the relevant topics reviewed are: the practice of 
maintenance in Malaysia, factors causing building maintenance problems, the effect of 
design deficiencies on building maintenance, design deficiencies related building 
maintenance cost, the role of Facility Management in building design and finally the 
rationale and concept on integration of maintenance during the building design phase. 
This helped to recognize the knowledge gap, issues and rationale of the study.  
Chapter 3. Building Design for maintainability and Cost Effective Maintenance: It 
provides an argument for the importance of incorporating BDM principles during the 
building design phase to achieve CEBM. The CEBM definition and indicators were 
identified. Subsequently, the CEBM indicators will be the needle to identify the BDM 
criteria and indicators. The influence of the BDM criteria and indicators on achieving 
CEBM will be discussed in detail.  
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Chapter 4. Research Methodology: Discusses the methodology employed in this 
research. The chapter explains the design of the questionnaire developed to identify and 
verify the CEBM indicators and the BDM criteria and indicators established in Chapter 
3 of the research. This chapter subsequently discusses the selection of respondents, data 
collection and analysis methods employed in this research. The final part of this chapter 
explicates about the validation process of structural relationship model of the building 
BDM criteria and CEBM. 
Chapter 5. Data Analysis Phase I: It will explain the analyses that will be undertaken 
for achieving the first and second objectives of this research.  
Chapter 6. Data Analysis Phase II: This chapter will discuss the analysis that carried 
out in order to achieve the third objective of the research. In the final part of this chapter 
the structural relationship model of building BDM criteria and CEBM will be verified. 
Chapter 7. Results and Discussion: This chapter discusses the results obtained and the 
extent to which the results fulfil the objectives of this research. 
Chapter 8. Conclusion and Recommendations: After summarizing the whole research 
and the key findings, the conclusions are made. The contribution and implications of the 
findings towards the construction industry in general and CEBM in particular are 
explained. After the knowledge contribution and practical implications of this study are 
highlighted, finally the limitations are discussed, followed by improvements and 
identification of the scope of future research. 
 
 
 
 
 
267 
 
 
 
 
 
                                                        REFERENCES 
Abdulmohsen Al-Hammad and Sadi Assaf (1997). The Effect of Faulty Design on 
Building Maintenance. Journal of Quality in Maintenance. Vol. 3, pp. 29-39.  
Action Energy, (2001). New ways of cooling — Information for building designers 
General Information Leaflet GIL 85. Available From: www.actionenergy.org.uk. 
[Accessed: 6 April 2013].  
Adejimi, A. (2005), “Poor building maintenance in Nigeria: are architects free from 
blames?”, in ENHR International Conference on Housing: New Challenges and 
Innovations in Tomorrow’s Cities, Iceland, 29 June-3 July, Department of 
Architecture, College of Engineering and Technology, Olabisi Onabanjo 
University, Ibogun Campus. Ogun State, Nigeria, pp. 1-15. 
Addelson, L. (1996). Building Failure. Butterworth Architecture, UK. 
Adler, M., et al (1996). Gazing into the Oracle: The Delphy Method and its Application 
to Social Policy and Public Health. London: Jessica Kigsley Publications. 
Afranie, S and Osei Tutu, E. (1999). Analyzing of Problems, Practices and Policy. 
Afshari, A.R., Yusuff, R.M., & Derayatifar, A.R., (2012). An application of Delphi 
method for eliciting criteria in personnel selection problem. Scientific Research 
and Essays.  7(33), pp. 2927-2935. 
Ahmad R. H. (2006), Maintenance Management and Services (Case Study: PERKESO 
Building in Peninsular Malaysia. A project report submitted as a partial 
fulfillment of the requirements for the award of the degree of Master in 
Construction Management. Faculty of Civil Engineering, University Technology 
Malaysia. 
 
 
268 
 
 
 
 
Ahmad, R, Nur Azhahani, A and Nur Haniza, I. (2006). The Effects Design on The 
Maintenance Of Public Housing Buildings In Malaysia-Part One. Journal of 
Buildings Engineer.  
Aibinu A. A. and Al-Lawati A. M. (2010).Using PLS-SEM technique to model 
construction organizations’ willingness to participate in e-bidding. Automation in 
Construction. Vol. 19, p. 714–724. 
Alexander, K. (2009). Facilities management futures. Manchester, UK: A Euro FM 
Publication, Centre for Facilities Management. 
Ali, A. S., Kamaruzzaman, S. N., Sulaiman, R. and Peng, Y. C. (2010). Factors 
Affecting Housing Maintenance cost in Malaysia. Journal of Facilities 
Management, Vol. 8 No. 4, pp. 285-298.  
Ali, A.S. (2009). Cost decision making in building maintenance practice in Malaysia. 
Journal of Facilities Management. 7(4) p. 298-306. 
Alexander, K. (1996). Facilities Management: Theory and Practice. London, UK: E & 
FN Spon. 
Alexandrov, A. V., Pullicino, P. M., Meslin, E. M., & Norris, J. W. (1996). Agreement 
on disease-specific criteria for do-not-resuscitate orders in acute stroke. Stroke, 
27, p. 232-237. 
Alhaji, M. and Hassanain, M.A. (2010), “Towards Improvement in Facilities Operation 
and Maintenance through Feedback to the Design Team”, The Built & Human 
Environment Review, Vol. 3 No. 1, pp. 72-87. 
Al-Hammad, A., Assaf, S. and Al-Shihah, M. (1997), “The Effect of Faulty Design on 
Building Maintenance”, Journal of Quality Maintenance Engineering, Vol. 3 No. 
1, pp. 29–39. 
Al-Khatam, J.A (2003). Buildings Maintenance Cost. Master of Engineering Report 
(CEM-600). College of Environmental Design. Construction Engineering and 
Management, King Fahd University of Petroleum & Minerals. 
Al- Shiha, Mansoor Mohammad, M.S (1993), “The Effects of Faulty design and 
Construction on Maintenance”, Saudi Arabia, Master Dissertation. 
AMCP 706-134 (1972). Engineering Design Handbook: Maintainability Guide for 
Design. Department of Defense, Washington, D.C. 
 
269 
 
 
 
 
Ammenwerth, E., Mansmann, U., Iller, C. and Eichstadter, R. (2003) Factors affecting 
and affected by user acceptance of computer-based nursing documentation: 
results of a two-year study. Journal of the American Medical Informatics 
Association;10:69-84. 
Anderson J. C. and Gerbing D. W. (1988). Structural Equation Modeling in Practice: A 
Review and Recommended Two-Step Approach. Psychological Bulletin. Vol. 
103, p. 411- 423. 
Ankenbrandt, F.L., Lapole, R.E. and Margulies, G. (1963), Maintainability Design, 
Engineering Publishers, Elizabeth, New Jersey.  
Arditi, D. and Nawakorawit, M. (1999a), “Designing Buildings for Maintenance: 
Designers’ Perspective”, Journal of Architecture Engineering, Vol. 5 No.4, pp. 
107–116.  
Arditi, D. and Nawakorawit, M. (1999b), “Issues in Building Maintenance Property 
Managers Perspective”, Journal of Archit Engineering, Vol. 5 No. 4, pp. 117-
132. 
Arditi, D. and Messiha, H. (1996). Life-cycle costing in Municipal Projects. Journal of 
Infrastructure System. 2(1) p.5–14. 
Assaf, S., Al-Hammad, A. and Al-Shihah, M. (1996), “Effects of faulty design and 
construction on building maintenance”, Journal of Perform Constr Facilities, 
No. 10 Vol. 4, pp. 171–174. 
Assaf, A.H. and Al-Shihah, M. (1995). The Effect of Faulty Construction on Building 
Maintenance. Journal of Building Research and Information. 23(1) p.175–81. 
Assaf, S., Al-Hammad, A. and Al-Shihah, M. (1995). The Effect of Faulty Construction 
on Building Maintenance. Journal of Building Research and Information. 23(3) 
p.175–181. 
Ballast, D.K. (2010), Interior Design Reference Manual: Everything You Need to Know 
to Pass the NCIDQ Exam, 5th edition, Professional Publications Inc, United 
States of America, USA.  
Barabadi, A. Barabady, J. and  Markeset, T. (2011).  Maintainability analysis 
considering time-dependent and time independent covariates.  Reliability 
Engineering and System Safety 96. pp.210–217. 
270 
 
 
 
 
Barone, C., Pinto C., Normann, N., Capussotti, L., Cognetti, F., Falcone, A.  and  
Mantovani, L. (2014). KRAS Early Testing: Consensus Initiative and Cost 
Effectiveness Evaluation for Metastatic Colorectal Patients in an Italian Setting. 
PLoS ONE 9(1): e85897, 1 Vol (9), p. 1-13. 
Barrett, P. S. and Stanley, C. A. (1999). Better Construction Briefing. Oxford, U.K: 
Blackwell. 
BCA (2000). Enhancing Maintainability of Buildings – Pilot Study Report. Building 
Construction Authority, Singapore. 
Becker, F. (1990). The Total Workplace. New York, USA: Van Nostrand Reinhold. 
Berg, Sven. (2006). "Snowball Sampling–I," pp. 7817–7821 in Encyclopedia of 
Statistical Sciences, edited by Samuel Kotz, Campbell Read, N. Balakrishnan, 
and Brani Vidakovic. Hoboken, NJ: John Wiley and Sons, Inc. 
Bernama (2009). Government Identifies Initiatives For National Asset 
ManagementConcept. Available from: 
http://www.kettha.gov.my/en/printpdf/node/882. [Accessed on 14
th
 September 
2013]. 
Biggs, S., et al (2011). Safety leaders’ perceptions of safety culture in a large Australian 
construction organisation. Queensland University of Technology. Vol. NA, pp. 
01-13. 
Blanchard, B.S (1999). System Engineering Management. New York: John Wiley and 
Sons. pp.7. 
Blanchard, B.S., Verma, D. and Peterson, E.L. (1995), Maintainability: A Key to 
Effective Serviceability and Maintenance Management, John Wiley & Sons, Inc, 
Canada. 
Blanchard, B. S. and Lowery, E. E. (1969). Maintainability: Principles and Practices. 
New York: McGraw-Hill. 
Boje, D. M., & Murnighan, J. K. (1982). Group confidence pressures in iterative 
decisions. Management Science. Vol. 28, pp.1187-1196. 
Boothroyd and Dewhurst (1983). Design for Assembly Handbook. pp. 109–114, 
Boothroyd and Dewhurst, Inc. 
 
 
271 
 
 
 
 
Bourke, K. and Davies, H. (1997). Factors Affecting the Service Life Predictions of 
Buildings: A Discussion Paper. Laboratory Report, Prepared for Building 
Research Establishment. Garston, U.K. 
Boussabaine, A.H. and Kirkham, R.J. (2004). Simulation of Maintenance Costs in UK 
Local Authority Sport Centres. Journal of Construction Management and 
Economics. Vol. 22 pp.1011-20. 
Briffett, C. (1990). Balancing Design and Maintenance Issues : Building maintenance 
and Modernization Worldwide. Vol. 2, Singapore: Longman. 
British Standards, BS3811:1984 (1984), “Glossary of Maintenance Management terms 
in Terotechnology”, London: BSI.  
British Standards, EN 13306:2010 (2010), “Maintenance. Maintenance terminology” 
British adopted European Standard.  
Brochner, J. (2003). Integrated Development of Facilities Design and Services. Journal 
of Performance of Constructed Facilities. Vol.17 (1), p. 19-23. 
Brooks, K. W. (1979). Delphi technique: Expanding applications. North Central 
Association Quarterly. Vol. 53, 377-385. 
Brockhoff, K. (1975). The performance of forecasting groups in computer dialogue and 
face to face discussions. In: Linstone, H., & Turoff, M. (Eds.), The Delphi 
method: techniques and applications, Addison-Wesley, London. 
Buck, et al., (1993).  Using the Delphi process to analyze social policy implementation: 
a post hoc case from vocational rehabilitation. Policy Sci. Vol. 26, p.271–288. 
Building Construction Authority, Singapore (2000) CONQUAS 21, 2000.  
Building Research Establishment (BRE) (1983). Design and Site Procedures – Defects 
and Repairs. Building Research Establishment Digests. Vol. 4, Her Majesty's 
Stationery Office, London. 
Building Research Establishment (BRE) (1991). Housing defects reference manual, The 
building research establishment defect action sheets. E&FN Spon, London. 
Burrell, G. and Morgan, G. (1979). Sociological Paradigms and Organizational 
Analysis, Elelments of the Sociology of Corporate Life. London, Heinemann. 
Educational Books Ltd. 
Buzan, T. (1988). Make the Most of your Mind. London: Pan Books. 
 
272 
 
 
 
 
Building Owners and Managers Association (BOMA) (2006), “The Green Issue Spring 
2006”, Kingsley Quarterly, Practical Industry Intelligence for Commercial Real 
Estate, BOMA International and Kingsley Associates, New York. 
Boote, D.N. & Beile, P. (2005). Purpose of Literature Review. Scholars before 
researchers: On the centrality of the  dissertation literature review in research 
preparation.  Educational Researcher. 34(6) p. 3-15.  
Cane, D., Morrison, A. and Ireland, C. J. (1998). Maintenance and Service Costs of 
Commercial Buildings Ground-Source Heat Pump Systems. ASHRAE Trans. 
104(2) p.699–706. 
Cantrill  J.A et al. (1996). The Delphi and Nominal Group Techniques in Health 
Services Research. International Journal of Pharmacy Practice. 4(1) p.67-74. 
Carpenter, T. and Ollmann, A. (2008). Sustainable Design and Development: An 
Integrated Team. Journal of Construction Account and Taxation. 18(4). 
Carson, D., Gilmore, A., Perry, C. and Gronhaug, K., (2001). Qualitative Marketing 
Research, Sage Publications, London 
Cash, C. G. (1997a). The Relative Durability of Low-slope Roofing. Proceeding 4th 
International Symposium on Roofing Technology. Rosemont. 1(2) p.17–19. 
Cash, C. G. (1997b). Comparative Testing and Rating of Thirteen Thermoplastic Single 
ply Roofing Membranes. Proceeding 8th International Conference on Durability 
of Building Materials and Components. M. Lacasse and D.Vanier, eds. Toronto: 
National Research Council. p.1083–1092. 
Cavana, R.Y, Delahaye, B.L. and Sekaran, U. (2001). Qualitative and Quantitative 
Methods. John Wiley & Sons Australia, Milton, Queensland. 
CEN/TC319, EN13306:2010 (2010), Maintenance—Maintenance Terminology. 
Bruxelles: European Standard. 
Central Bank of Malaysia (2006). Central Bank of Malaysia Annual Report. Central 
Bank of Malaysia, Kuala Lumpur. 
Chan, Y. (2007). A Delphi study of knowledge management systems: scope and 
requirements. Journal of Information and Management. Vol 44(6), pp. 583-597. 
 
 
273 
 
 
 
 
Chakravarti, A.K., et al (1998). Modified Delphi methodology for technology 
forecasting case study of electronics and information technology in India, 
Technol. Forecast. Soc. Chang. Vol 58 p. 155–165. 
Chanter, B., and Swallow, P. (2007). Building Maintenance Management, 2nd Ed. 
Oxford, UK: Blackwell Publishing. 
Che-Ani, A.I., Chohan, A.H., Goh, N.A., Tahir, M.M., Surat, M. and Usman, I.M.S. 
(2009), Sustainability design formulation in achieving best practice of building 
maintenance. World Academy of Science, Engineering and Techonology, pp. 
1156-1160.  
Chew, M.Y.L., Silva, N.D. and Tan, S.S. (2010). A neural network approach to 
assessing building façade maintainability in the tropics. Construction 
Management and Economics, Vol. 22 No. 1, pp. 581–594.  
Chew, M.L., Das, S. and Sulaiman, N.H.B. (2008a). Quantifying Maintainability 
Parameters for Vertical Transport System. in 11th International Conference on 
Durability of Building Materials & Components, Istanbul, Turkey, Istanbul 
Technical University, 2008, pp. 11-14. 
Chew, M.Y.L., Das, S., De Silva, N. and Foon, F.Y. (2008b). Grading Maintainability 
Parameters for Sanitary-plumbing System for High-rise Residential Buildings. in 
CIB International Conference in Building Education & Research, Sri Lanka, 11
th
 
-15
th
 February, 2008, pp. 887-900.  
Chew, M.Y.L. and Das, S. (2007). Maintainability Aspects of Central Chilled Water 
HVAC System. in 4th. International Conference on Construction in the 21st 
Century. Miami, Florida, Florida International University, 2007, pp. 86.  
Chew, Silva, Tan and Das (2006). Grading of Risk Parameters for Facade 
Maintainability. International Journal on Architectural Science. 7 (3) pp.77-87. 
Chew, M.Y.L., Tan, S.S. and Kang, K. H. (2005). Contribution Analysis of 
Maintainability Factors. Architectural Science Review, Vol. 48 No. 3, pp. 215-
228. 
Chew, M. Y. L. (2005). Defect Analysis in Wet Areas of Buildings. Journal of 
Construction and Building Material. 19(3) pp.165–173.  
Chew, M.Y.L., De Silva, N. and Tan, S.S. (2004) c. Maintainability of wet areas of non-
residential buildings. Struct. Survey, Vol. 22 No.1, pp. 39–52.  
274 
 
 
 
 
Chew, M.Y.L. and De Silva, N. (2004). Factorial Method for Performance Assessment 
of Building Façades. Journal of Construction Engineering and Management. 
130(4), pp.525–33. 
Chew, M. Y. L., and Tan, S. S. (2004). A Multivariate Approach to Maintenance 
Prediction of Wet Areas. Journal of Construction Management and Economics. 
22(4) pp. 395–407. 
Chew, M.Y.L., Tan, S.S. and Kang, K H. (2004)a. Building Maintainability—Review of 
State of the Art. Journal of Architectural Engineering, Vol. 10 No. 3, pp. 80-87. 
Chew, M. Y. L., De Silva, N., and Tan, S. S. (2004)b. Maintainability of wet areas of 
non-residential buildings. Struct. Survey 22(1) p.39–52. 
Chew, M.Y.L. and Tan, S.S. (2003). Neural Network Approach for Grading of 
Maintainability of Wet Areas in High-Rise Buildings. International Journals on 
Architectural Science, No. 4 Vol. 4, pp. 150-167.  
Chew, M.Y.L. and De Silva, N. (2003a). Benchmarks to minimize water leakages in 
basements. Structural Survey. 21(4) pp. 131-45. 
Chew, M.Y.L. (2000). Joint sealant for Wall Cladding. Polymer Testing. 19(6) pp. 643–
653. 
Chew, M.Y.L., Wong, C.W. and Kang, L.H. (1999). Building Facades—A Guide to 
Common Defects in Tropical Climates. Singapore: World Scientific Publishing. 
Chew, M.Y.L. (1994). Efficient Maintenance: Overcoming Building Defects and 
Ensuring Durability. Conference on Building Safety. The Asia Business Forum, 
Kuala Lumpur. 
Chin W. W., Marcolin B. L., and Newsted P. R. (2003). A partial least squares latent 
variable modeling approach for measuring interaction effects: Results from a 
monte carlo simulation study and voice mail emotion/adoption study. 
Information Systems Research. Vol. 14, pp.189–217. 
Chin W. W., (2010). Handbook of Partial Least Squares. pp. 655–690. Springer-Verlag. 
Chong, W.K. and Low, S.P. (2006), “Latent Building Defects: Causes and Design 
Strategies to Prevent Them”, Journal of Performance of Constructed Facilities, 
Vol. 20 No. 3, pp. 213-221. 
Christian, J. and Pandeya, A. (1997). Cost predictions of facilities. Journal of 
Management and Engineering. 13(1) pp.52–61. 
275 
 
 
 
 
Chohan, Hyder, A., Ani, Irfan, A., Che, Memon, Waheed, A., Ishak, Nor Haniza, Zubair 
(2010). Design Liability towards Building Maintenance at Post Occupational 
Stage. Available from: AllBusiness.com. [Accessed on: 10 December 2014]. 
Chuan, O. K. (The Minister of Housing and Local Government) (2008, May 9 pN13). 
Call for Check on Buildings: architects push for inspection every five years. The 
Star pN33. 
Construction Industry Development Board (CIDB) (2011). Number and Value of 
Projects Awarded as of December 2010. Kuala Lumpur: Construction Industry 
Development Board.  
Collinson Grant (2010). Managing Indirect Costs. Manchester: Collinson Grant. 
Construction Industry Development Board (CIDB) (2003). Malaysia (CIDB) Directory, 
3rd edn, Builder’s Infornet (M) Sdn Bhd, Selangor. 
Cornik, T. (1991). Quality Management for Building Design. Essex, UK: Butterworth 
Heinemann Ltd. 
Cook (1992). The Effect of Building on Wind. A Thesis Submitted in partial fulfillment 
of the Requirements of University of Aston for the Bachelor of Degree. 
University of Aston. 
Cooper D. R. and Schindler P. S., (2008). Business Research Methods. McGraw- 
Hill. 
Cousins, J., Butler, T. and Shah, S (2005). What designers need from facilities 
managers. British Institute of Facilities Management Conference, March 2005. 
Creswell, J.W. (2005). Educational research: Planning,Conducting and evaluating 
quantitative and qualitative research (Second ed.).Upper Saddle River, N.J.: 
Pearson Merrill Prentice Hall. 
Cuhls, K. (2004). Delphy method, Foresight Methodologies. United Nations Industrial 
Development Organization. 
Custer, R. L., Scarcella, J. A., & Stewart, B. R. (1999). The  modified Delphi technique: 
A rotational modification.  Journal of Vocational and Technical Education. Vol. 
15 (2), pp.1-10.  
Dajani, J., Sincoff, M., Talley, W., (1979). Stability and agreement criteria for the 
termination of Delphi studies. Technol. Forecast. Soc. Vol. 13, pp. 83-90. 
 
276 
 
 
 
 
Dalkey N., and Helmer O., (1963). An experimental application of the Delphi method to 
the use of experts. Manage Science. Vol.9, pp.458–67. 
Das, S., and Chew, M.Y.L. (2011). Generic Method of Grading Building Defects Using 
FMECA to Improve Maintainability Decisions. Journal of Performance of 
Constructed Facilities, Vol. 25 No. 6, pp. 522-533. 
Das, S., and Chew, M.Y.L. (2010a), “Multi-criteria decision analysis in building 
maintainability using analytical hierarchy process”, Construction Management 
and Economics, Vol. 28 No.10, pp. 1043–1056.  
Das, S., Chew, M.Y.L and Poh, K.L. (2010b). Multi Criteria Decision Analysis in 
Building Maintainability using Analytical Hierarchy Process. Journal of 
Construction Management and Economic, Vol 28 (1), pp. 1043-1056. 
Dalkey, N.C., (1969). The Delphi Method: An Experimental Study of Group Opinion. 
Available from: http://www.rand.org/pubs/ research_memoranda/RM5888/. 
[Accessed on: 10 April 2014]. 
 Davey, C., McDonald, J., Lowe, D., Duff, R., Powell, J. A., and Powell, J. E. (2006). 
Defects Liability Management by Design. Build. Res. Inf. 34(2) pp.145–153. 
Dawes, J.(2008). Do data characteristics change according to the number of scale points 
used? : An experiment using 5-point, 7-point and 10-point scales. International 
Journal of Market Research, Vol. 50, p.61–77. 
Delbecq, A.L., Van de Ven, A.H., Gustavson, D.H., (1975). Group Techniques for 
Program Planning: a Guide to Nominal Group and Delphi Processes. Scott 
Foresman and Company, Glenview, Illinois. 
Deming, W. E., (1990). Sample Design in business research. John Wiley and Sons. 
pp. 31.  
Department of the Environment (1972). Research and Development Bulletin: Building 
Maintenance. The Report of the Committee, London, HMSO. 
Dewhurst, P. and Abbatiello, N. (1996), Design for Service – Ability, In: Huang, G.Q. 
(ed.), Design for X – Concurrent Engineering Imperatives, Chapman & Hall, 
London, pp. 298-317.  
Dhillon, B.S. (2010). Life Cycle Costing for Engineers. United States of America: Tylor 
and Francis Group. 
 
277 
 
 
 
 
Dhillon, B.S. (2008), Mining Equipment Reliability, Maintainability and Safety, 
Springer-Verlag London, London. 
Dhillon, B.S. (2006), Maintainability, Maintenance and Reliability for Engineers, Tylors 
and Francis Group, London.  
Dhillon, B.S (1999a), Design Reliability: Fundamentals and Applications. CRC, Boca 
Raton, FL.  
Dhillon, B.S (1999b), Engineering Maintainability: How to Design for Reliability and 
Easy Maintenance. Gulf, Houston, Texas.  
Downs, W.R. (1976). Maintainability analysis versus maintenance analysis. 
Proceedings of the Annual Reliability and Maintainability Symposium.  pp. 476–
481. 
Duggan, M. and Blyden, R. (2001). Venture Maintainability: A Path towards Project 
Success –Why are some projects less successful than others and what can we do 
to improve? Journal of Quality in Maintenance Engineering. 7(4) p.241-251. 
Duncan, E., Nicol,M and Ager, A., (2004). Factors that constitute a good cognitive 
behavioural treatment manual: a Delphi study. Behav. Cogn. Psychother. Vol. 
(32) pp. 199-213. 
Dunston, P.S. and Williamson, C.E. (1999). Incorporating maintainability in 
constructability review process. Journal of Management in Engineering. 15(5) 
p.56–60. 
Edum-Fotwe, F. T. and Gibb, A. G. F. (2001). Standardisation in NHS PFI hospital 
schemes. Final Report Project B. August, (99) 19/SP-T2000. 
Egan, J. (1998). Rethinking Construction: Report of The Construction Task Force to The 
Deputy Prime Minister. Dept. of the Environment, Transport and the Regions. 
London. 
‘Eizzatul ‘Ain S., Hishamuddin., M.A. and Suwaibatul I.S., (2012). A Review of the 
Effect of Building Design on maintenance Mangement. 3rd International 
Conference on Business and Economic Research (3
rd
 ICBER) Proceesing, 12-13 
March 2012. Golden Flower Hotel, Bandung, Indonesia.  
Erdener, E. (2003) Linking Programming and Design with Facilities Management. 
Journal of Performance of Constructed Facilities 17(1) pp.4-8. 
 
278 
 
 
 
 
Edum-Fotwe, F. T., Egbu. C. and Gibb, A. G. F. (2003). Designing Facilities 
Management Needs into Infrastructure Projects: Case from a Major Hospital. 
Journal of Performance of Constructed Facilities. 17(1) pp.43-50. 
El-Haram, M. A., and Horner, M. W. (2002). Factors affecting housing maintenance 
cost. Journal of Quality in Maintenance Engineering. 8(2) pp. 115-123. 
El-Haram, M.A., Horner, R.M and Munns, A.K. (1996). Applications of RCM to 
building maintenance strategies. Proceeding of 6
th
 International Logistics 
Symposium, Exter. pp.133-143. 
Encyclopædia Britannica (1911). Basement – Architectural Elements. Volume 3. 
Available from: 
http://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Basement. 
[Accessed on 3 April 2014]. 
English, G.M and  Keran, G.L (1976). The prediction of air travel and aircraft 
technology to the year 2000 using the Delphi method, Transp. Res. Vol.10 pp. 1–
8. 
Feldman, E.B. (1975), Building Design for Maintainability, McGraw-Hill, United State 
of America, USA. 
File, W. T., (1991). Cost Effective Maintenance- Design and Implementation. 
Butterworth-Heinemann Ltd.  
Fink, A., and Kosecoff, J.B. (1985). Social surveys; Educational surveys. Sage 
Publications  (Beverly Hills). 
Foo (1988). Total Building Maintenance Concept. Master of Science Thesis, in 
Singapore: National University of Singapore. 
Fornell C. and Bookstein F. L. (1982). Two Structural Equation Models: LISREL and 
PLS Applied to Consumer Exit-Voice Theory. Journal of Marketing Research. 
Vol. 19, pp. 440–452. 
Foxcroft, C., Paterson, H., le Roux, N., & Herbst, D. Human Sciences Research Council, 
(2004). 'Psychological assessment in South Africa: A needs analysis: The test use 
patterns and needs of psychological assessment practitioners: Final Report: 
July. Available from: 
http://www.hsrc.ac.za/research/output/outputDocuments/1716_Foxcroft_Psychol
ogicalassessmentin%20SA.pdf. [Accessed on 15 April 2014]. 
279 
 
 
 
 
Fuller, Sielinde K, and Stephen R Petersen. 1997. Life-Cycle Costing Manual for the 
Federal Energy Management Program. 135. 1995 ed 
Gabrielli, J. (2010). Architecture. Whole Building Design Guide. Washington, DC., 
USA: National Institute of Building Science. 
Gambardella, L. M., and Moroni, M. (1990). Expert systems application to building 
pathology diagnosis: Methodology. Proceeding 2nd European Conference on 
Application of Artificial Intelligence and Robotics to Building, Architecture and 
Civil Engineering, Liege, Belgium, pp.252–258. 
Gefen D., Straub D., and Boudreau M. C. (2000). Structural Equation Modeling and 
Regression: Guideline for Research Practice. Communications of the Association 
for Information Systems. Vol. 4, pp.1–70. 
Gibson J.M.E. (1998). Using the Delphi to identify the content and context of nurses 
continuing professional development needs. Journal of Clinical Nursing. Vol 7, 
p.451-459. 
Gibson, E.J. (1979). Developments in Building Maintenance – 1. Applied Science 
Publishers, London. 
Gilder (1989). Lessons Form Cladding, Design and Construction. Regent Crest Hotel, 
England, 7 Nov 1989.  
Glavinich, T. E. (1995). Improving Constructability during Design phase. Journal of 
Architecture Engineering. 1(2) pp.73–76. 
Government of Malaysia (2012). Persidangan Strategi Pengurusan Aset Infrastruktur 
2012. Available from: https://www.jkr.gov.my/news/read/1144. [Accessed on 11 
Novemebr 2011]. (Retrived on 11/11/2013) 
Government of Malaysia (2009). Pekeliling Am Bilangan 1 Tahun 2009: 
ManualPengurusan Aset Menyeluruh Kerajaan. Putrajaya, Malaysia: Jabatan 
PerdanaMenteri. 
Government of Malaysia (2006). Ninth Malaysian Plan 2006 – 2010, Economic 
Planning Unit Prime Minister’s Department, Putrajaya. 
Gracht, H.A., (2012). Consensus measurement in Delphi studies Review and 
implications for future quality assurance. Technological Forecasting & Social 
Change. Vol. 79 pp. 1525–1536. 
Gray, C. (2002). Building Design & Management. Butterworth & Heinemann. England.  
280 
 
 
 
 
Green, K.C., Armstrong, J.S., and Graefe, A., (2007). Methods to Elicit Forecasts from 
Groups: Delphi and Prediction Markets Compared. The International Journal of 
Applied Forecasting. 8 pp.17–21. 
Griffin, J. J. (1993). Life Cycle Cost Analysis: a decision aid. London: Blackie 
Academic & Professional. 
Haenlein M. and Kaplan A. M. (2004). A Beginner’s Guide to Partial Least Squares 
Analysis. Understanding Statistics. Vol. 3, pp. 283–297. 
Haik, Y (2003). Engineering Design Process. USA: Brooks/Cole, Inc Thomson 
Learning
TM
. 
Hair J. F., Black, W. C., Babin B. J., and Anderson R. E. (2010). Multivariate Data 
Analysis. Pearson. 
Hamilton, B and Wan Salleh, W. I. (2001). Maintenance of building important. National 
House Buyers Association. Available from:  
http://www.hba.org.my/archive/focus/COB/pg1.htm. [Accessed on 3rd February 
2012]. 
Hardy D, O'Brien A, Gaskin C (2004). Practical application of the Delphi technique in a 
bicultural mental health nursing study in New Zealand. Journal of Advanced 
Nursing. Vol.46 (1), pp.95-109. 
Hassanain, M. A. (2006). Factors Affecting the Development of Flexible Workplace 
Facilities. Journal of Corporate Real Estate. 8(4) p.213-220. 
Hassanain, M. A., Froese, T. M., and Vanier, D. J. (2003). Framework Model for asset 
maintenance management. Journal Perform. Construction Facilities. 17(1), pp. 
51–64. 
Haughey, D (2010). Delphi Technique a Step-by-Step Guide. Project Smart.com.uk. 
pp.1-2. 
Henriksson, A. (2010). Environmental assessment of residential buildings – What does it 
take to build Green? Master of Science Thesis in the Master Degree Programme 
Industrial Ecology, Department of Energy and Environment Division of 
Environmental System Analysis, Chalmers. University of Technology, Göteborg, 
Sweden. 
 
 
281 
 
 
 
 
Her, B. M. and Russell, J. S. (2002). Maintainability implemented by third-party 
contractor for public owner. Journal of Management in Engineering, Vol. 18 No. 
2, pp. 95-102.  
Hinks, J. & McNay, P. (1999). The creation of a management-by-variance tool for 
facilities management performance assessment. Facilities. 17(1/2) pp.31-53. 
Hishamuddin, M. A. and Buang, A. (2006). Real estate education in Malaysia: a new 
paradigm. in Proceedings of International Real Estate Research Symposium 
(IRERS) 2006, 11– 13th April, 2006, PWTC Kuala Lumpur, Malaysia. 
 HKIFM (2010). 11 Areas of Core Competency. (Available From: 
http://www.hkifm.org.hk/public_html/core.html. [Accessed on 15 May 2014].  
Honstede, W. V. (1990). Research into quality of housing stock in the Netherlands. 
Building Maintenance Modernization Worldwide. 2, pp.659– 668. 
Horner, R.M.W., El-Haram, M.A. and Munns, A.K. (1997). Building maintenance 
strategy: a new management approach. Journal of Quality in Maintenance 
Engineering. 3(4) pp.273–280. 
Hsu, C., C. and Sandford, B.A. (2007). The Delphi Technique: Making Sense of 
Consensus. Practical Assessment, Research & Evaluation. 12(17), pp. 01-08. 
 Ikpo, I. J, (2009) Maintainability indices for public building design. “Journal of 
Building Appraisal”, Vol. 4, pp. 321–327. 
Ilozor, B. D., Okoroh, M. I., and Egbu, C. E. (2004). Understanding residential house 
defects in Australia from the State of Victoria. Build. Environ. 39(3), pp. 327–
337. 
Ismail, N and Mohamad M. I., (2015). Factors in building design that improve building 
maintainability in Malaysia. In: Raidén, A B and Aboagye-Nimo, E (Eds). Procs 
31st Annual ARCOM Conference, 7-9 September 2015, Lincoln, UK, 
Association of Researchers in Construction Management, pp.905-914. 
Ishak, Sr. N.H., Chohan, A.H. and Ramly, A. (2007), Implications of design deficiency 
on building maintenance at post-occupational stage. Journal of Building 
Appraisal, Vol. 3 No. 2, pp. 115-24. 
 
 
 
282 
 
 
 
 
Jacobs, J. M. (1996). Essential assessment criteria for physical education teacher 
education programs: A Delphi study. PhD Dissertation, West Virginia 
University, Morgantown. 
Jeffery, D., Ley, A., Bennun, I., and McLaren, S. (2000). Delphi survey of opinion on 
interventions service principles and service organization for severe mental illness 
and substance misuse problems. Journal of Mental Health. Vol 9 (4), pp.371-
384. 
JFMA (2006). What is FM? (Available From: 
http://www.jfma.or.jp/en/whatsFM/index.html [Accessed on: 15/5/2014]). 
Josephson, P. E., and Hammarlund, Y. (1999). The causes and costs of defects in 
construction: A study of seven building projects. Autom. Constr. Vol 8(6), 
pp.681–687. 
Kalaian, S. A., and Kasim, R.M. (2012). Terminating Sequential Delphi Survey Data 
Collection. Practical Assessment, Research and Evaluation. Vol 17, (5), pp.1-10. 
Kaplan, B. and Duchon, D. (1988). Combining Qualitative and Quantitative Methods in 
Information Systems Research: A Case Study. Management Information System 
Quarterly. Vol. 12, pp.571–586. 
Kaplan, L. M. (1971). The use of the Delphi method in organizational communication: 
A case study. Master’s thesis, The Ohio State University, Columbus.  
Kelly, A. (1984). Maintenance Planning and Control. UK, Butterworth & Co ltd.  
Kim, Y., Li, S., Pan, C., Zuo, L., (2013). The role of accounting conservatism in the 
equity market: Evidence from seasoned equity offerings. The Accounting 
Review, forthcoming. 
Kincaid, D. (1994). Integrated facility management. Facilities. 12(8) pp.20-23. 
Krebs JR, Davies NB, eds, (1997). Behavioural ecology: an evolutionary approach. 
Oxford: Blackwell Scientific. 
Krstić, H., and Marenjak, S. (2012). Analysis of buildings operation and maintenance 
costs. Gradevinar. Vol. 64  No.4, pp. 293-303. 
Kondo, T., Hatakeyama, S., Isobata, O. (1990). Simplified inspection method for long 
term maintenance of Existing Buildings. Building Maintenance & Modernisation 
Worldwide. 2 pp.650–8. 
 
283 
 
 
 
 
Koo, T.K. (2000). Senior Parliamentary Secretary, Ministry of National Development, 
MOU Signing on the Establishment of the Centre for Total Building 
Performance. Accessed from: http://www.bca.gov.sg/cru/mndpr49.html. 
[Accessed on 3rd February 2014]. 
Kumar, R. (2005). Research Methodology, A step by step guide for beginners. (Second 
edition). Person Education Australia. 
Laird, S. (1994). Total facilities management. Facilities. 12(13) pp. 25-26. 
Lateef, O. A., Khamidi, M. F., and Idrus, A. (2010). Building maintenance management 
in a Malaysian university campuses: A Case Study. Australasian Journal of 
Construction Economics and Building. 10 (1/2) pp. 76-89. 
Lateef, O. A (2008). Building Maintenance Management in Malaysia. Journal of 
Building Appraisal. Vol 4 (3). Pp. 207–214.   
Lam, K.C. (2000). Quality assurance in management of building services maintenance. 
Building Services Engineering Department. The Hong Kong Polytechnic 
University, in Southeast Asia Facility Management, May/June 2000 issue. 
Landeta, J. (2006). Current validity of the Delphi method in social sciences. 
Technological Forecasting and Social Change, 73, p.467-482. 
Lee, R. and Wordsworth, P. (2001). Lee’s Building Maintenance Management. 4th ed., 
Blackwell Science, Oxford. 
Lee, J.H. (1996). Statistical deterioration models for condition assessment of older 
buildings. PhD thesis, Wayne State University, Detroit, MI. 
Lee, R. (1987). Building Maintenance Management. United Kingdom: Oxford U.K. 
Lim et al., (1991). Maintenance management in Singapore. Singapore : School of 
Building and Estate Management, National University of Singapore. 
Lingeron, J.C. and Lyonnet, P. (1988). Le Management des grands contrats, Prise en 
compte des aspects qualite´ et suˆ rete´ de fonctionnement, Tec et Doc, Lavoisier, 
Paris. 
Linstone H.A. and Turoff M., (1975). The Delphi method: techniques and applications. 
Addison-Wesley Publishing Co. 
Linstone, H.A., Turoff, M., (2002). The Delphi Method: Techniques and Applications. 
Available from: http://is.njit.edu/pubs/delphibook/. [Accessed on 3rd March 
2014]. 
284 
 
 
 
 
Liska, R. (1988). Means Facilities Maintenance Standards. R. S. Means Company Inc.,  
Loughlin, K.G. and Moore, L.F. (1979). Using Delphi to achieve congruent objectives 
and activities in a pediatrics department, J. Med. Educ. 54, p. 101–106. 
Low, S. P., and Wee, D. (2001). Improving maintenance and reducing building defects 
through ISO 9000. Journal Qual. Mainten. Eng. 7(1) pp.6–24. 
Ludwig, B. (1997). Predicting the future: Have you considered using the Delphi 
methodology? Journal of Extension, 35 (5), pp.1-4.  
Mahmoud, T. (1994). Assessment of the problems facing the maintenance industry in 
Saudi Arabia. Thesis of Masters in King Fahd University of Petroleum and 
Minerals, Saudi Arabia.  
Maisarah A. R., and Mastura J. (2012). An Assessment of Faulty Public Hospital Design 
in Malaysia.  Journal of Design and Built 5(1). 
Marenjak, S., El-Haram, M.A. & Horner, R.M.W (2002).  Procjena ukupnih troskova u 
visokogradnji, Građevinar. 54: p. 393-401. 
Martino, J. P. (1983). Technological forecasting for decision making. New York: North-
Holland. 
Ma´rquez, A.C. and Herguedas, A.S. (2004). Leaning about failure root causes through 
maintenance records analysis. Journal of Quality in Maintenance Engineering. 
10(4) pp. 254-62. 
Mayer, P.D. and Brewer, B. (2001). Auditing for durability. Proceedings of The Whole-
Life Performance of Facades, Centre for Window and Cladding Technology, 
University of Bath, 2001, Bath, pp. 23-32. 
McQueen and Knussen (2002). Research Methods for Social Science: A Practical 
Introduction. Prentice Hall. 
McKenna, H. P. (1994). The Delphi technique: A worthwhile research approach for 
nursing? Journal of Advanced Nursing, 19, p. 1221-1225. 
McKenna, H. P. (1989). The selection by ward managers of an appropriate nursing 
model for long-stay psychiatric patient care. Journal of Advanced Nursing, 14, p. 
762-775. 
Mead, D., and Moseley, L., (2001). The use of Delphi as a research approach. Nurse 
Res. 8(4), pp.4- 23. 
 
285 
 
 
 
 
Mills, A., Love P.E.D. and Williams, P. (2009). Defect costs in residential construction. 
Journal of Construction Engineering and Management. 135(1) pp.12-16. 
 Mills (1994). Building maintenance & preservation: a guide to design and 
management. 2nd ed. Oxford: Butterworth-Heinemann Ltd. 
Mills, E. D. (1980). Building Maintenance and Preservation – A Guide to Design and 
Management. Butterworths. 
Mohamed, O, F., Nor, M., Abd Karim S. B, and Kho, M.Y. (2007). The Practice of Life 
Cycle Costing (LCC) in the Malaysian Construction Industry – Application 
during Design Stages. Management in Construction and Researchers Association 
(MICRA) Meetings and Conference. Shah Alam, Selangor, Malaysia, 28th to 
29th August 2007. Malaysia: MICRA. P 1-7. 
Mohd-Noor, N., Hamid, M. Y., Abdul-Ghani, A.A., and, Haron, S.N. (2011). Building 
Maintenance Budget Determination - An Exploration Study in the Malaysia 
Goverment Practice. Procedia Engineering. 20 (2011) pp. 435 – 444. 
Mohd Zulakhmar, B. Z. (2006). Strategic Planning in Maintaining Sports Facilities in 
Malaysia in Teluk Danga International Games Convention. Johor, Malaysia. 
Moore, M. & Finch, E. (2004). Facilities management in South East Asia. Facilities. 
22(9/10) pp. 259-270. 
Mselle, P.C. (1997). Management of maintenance records and their use in planning. 
Proceedings of Fifth International Conference on Inspection, Repairs & 
Maintenance of Buildings & Structures. pp. 211–15. 
Murry J.W., Hammons J.O., (1995). Delphi: A versatile methodology for conducting 
qualitative research. Rev. Higher Educ. 18(4) pp.423-436. 
Naoum, S. (2007). Dissertation Research & Writing for Construction Students. 2
nd
 ed. 
Oxford: Butterworth-Heinemann. 
Nayanthara, D.S et al., (2004), Improving the maintainability of buildings in Singapore. 
Journal of Building and Environment, No. 39, pp. 1243-1251. 
Newsham, G., Mancini, S. and Benjamin, J.B. (2009), “Do LEED-certified buildings 
save energy? Yes, but”, Energy and Buildings, Vol. 41 No. 8, pp. 897–905. 
New Straits Times. (9 September, 2008). No you don’t: developer get court injunction to 
stop residents from “taking over condo” p. 
 
286 
 
 
 
 
New Straits Times. (2007, May 4). Cracks Show Up on Jalan Duta Court Complex Wall 
p14. 
New Straits Times. (2008, August 5). 510 Heritages Building Need Help. 
New Straits Times. (15 September 2008). Dirties among seven nations. p16. 
New Straits Times. (19 September, 2008) 92 Historical Buildings to Be Restored. 
Ngowtanasuwan, G (2012). An Application of Mathematical Model for Decision in 
Building Plan Design. AicE-Bs2012 Cairo, ASIA Pacific International 
Conference on Environment-Behaviour Studies Mercure Le Sphinx Cairo Hotel, 
Giza, Egypt, 31 October 2 November 2012. Procedia - Social and Behavioral 
Sciences. 68 (2012) pp.537 – 548. 
NHS Estate (1996). Re-engineering the facilities management service. Health Facilities. 
Note 16. 
Nicolella, M. (2014). A Methodology for Evaluating Maintainability as a Tool for 
Durable and Sustainable Buildings. In “13th International Conference on 
Durability of Building Material and Component”, 2 - 5 Sept 2014, Sao Pualo, 
Brazil, 1–8. Sao Paulo, Brazil. 
Journal of Nipissing University Research Council (2008). Definition of Research. 
Nipissing University. Available from: 
http://www.nipissingu.ca/research/downloads/DefnofResearchforwebsite.pdf. 
[Accessed on 2nd February 2014]. 
Nourse, H.O. (1990). Managerial Real Estate: Corporate Real Estate Asset 
Management. USA: Prentice-Hall, Englewood Cliffs. 
Nor Haniza, I., Chohan, A.F. and Ahmad, R. (2007). Implications of design deficiency 
on Building maintenance at post-occupational stage. Journal of Building 
Appraisal. Vol. 3 (2), pp. 115-24. 
Nutt, B. (2000). Four competing futures for facility management. Facilities. 18(3/4) 
pp.124-132. 
Olbrich, S., Poppelbu, J., and Niehaves, B. (2012). Critical Contextual Success Factors 
for Business Intelligence:  A Delphi Study on Their Relevance,  Variability, and 
Controllability. 45th Hawaii International Conference on System Sciences. pp. 
4148-4157.  
 
287 
 
 
 
 
Olubodun, O. F. (1996). An empirical approach to the evaluation of factors in local 
authority housing maintenance requirements. A Thesis Submitted in partial 
fulfillment of the Requirements of University of Salford for the degree of Doctor 
of Philosophy. University of Salford, City of Manchester, Salford, U.K. 
Pasukeviciute, I. and Roe, M. (2000). The politics of oil in Lithuania: strategies after 
transition, Energy Policy 29, p. 383–397. 
Pateman B. (1998). Computer-aided qualitative data analysis: the value of NUD*IST 
and other programs. Nurse Researcher. 5(3), pp.77-89. 
Peacock (1986). The Maintenance of Building & Structure. Municipal Engineer. Vol. 3. 
Peter Lufkin Whitestone Research (2007). Life Cycle Cost Models for Federal Facilities. 
Predicting Outcomes from Investments in the Maintenance and Repair of Federal 
Facilities Board on Infrastructure and the Constructed Environment National 
Research Council. 
Powell, C. (2003). The Delphi technique: myths and realities. Journal of Advance 
Nursing. 41(4), pp. 376-382. 
Punch, K.F. (2005). Introduction to Social Research: Quantitative and Qualitative 
Approach. SAGE Publications Limited.  
Ramly, A., Ahmad, N.A. and Ishak, N.H. (2006). The Effects of Design on The 
Maintenance of Public Housing Buildings in Malaysia – Part One. Building 
Engineer, April, pp. 30-33. 
Ramly, A. (2006). Link between Design and Maintenance. Builders & Engineers, Vol. 
81 No. 5. 
Rayens, M.K and  Hahn, E.J. (2000). Building consensus using the policy Delphi 
method, Policy Polit. Nurs. Pract. 1, pp. 308–315.  
Richardson, B. A. (1991). Defects and deterioration in buildings, E&FN Spon, London. 
Rigby, L.V., et al., (1961). Guide to Integrated System Design for Maintainability. 
Report No. ASD-TR-61-424, U.S. Air Force Systems Command, Wright-
Patterson Air Force Base, OH. 
Rohana Yusof (2004). Penyelidikan Sains Sosial. Bentong: PTS Publications & 
Distributors. 
 
 
288 
 
 
 
 
Rohrbaugh, J. (1979). Improving the quality of group judgments: social judgment 
analysis and the Delphi technique. Organizational Behavior and Human 
Performance. Vol. 24, 1979, pp. 73–92. 
Rozita Aris (2006). Maintenance Factors in Building Design. Masters Dissertation, 
Universiti Teknologi Malaysia. 
Ryan, P.A., Wolstenholme, R.P. and Howell, D.M. (1994). Durability of Cladding: A 
State of the Art Report. Thomas Telford, London. 
Saghatforoush, E., Trigunarsyah, B. and Too, E. (2012). Assessment of Operability and 
Maintainability Success Factors in Provision of Extended Constructability 
Principles. in 9th International Congress on Civil Engineering, May 8-10, 2012, 
Isfahan University of Technology, Isfahan, Iran, pp.1 – 10. 
Sani, U.I.A., Mohammed, A.H., Shukor, F.S.A. and Eizzatul, A. S., (2012). An Overview 
Maintenance Culture Determinant Factors. 3rd International Conference On 
Business And Economic Research (3rd ICBER 2012). Proceeding Paper. 12 - 13 
March 2012. Golden Flower Hotel, Bandung, Indonesia. 
Sapp, D. (2009). Facilities operation and maintenance. Whole Building Design Guide, 
National Institute of Building Sciences, Washington, DC., USA. 
Sarantakos, S. (2005). Social Research Edn. Palgrave Macmillan, Basingstoke. 
Saunders, M., Lewis, P., and Thornhill, A. (2009). Research Methods for Business 
Students (fifth). Pearson Education India. 
Schmidt R.C. (1997) Managing Delphi surveys using nonparametric statistical 
techniques. Decision Sciences. 28, pp.763-774. 
Scheibe, M.,  Skutsch, M., and Schofer, J. (1975). Experiments in Delphi methodology, 
in: H.A. Linstone, M. Turoff (Eds.), The Delphi Method — Techniques and 
Applications, Addison-Wesley, Reading, pp. 262–287.  
Seagle, E. and Iverson, M. (2002). Characteristics of the turfgrass industry in 2020: a 
Delphi study with implications for agricultural education programs, J South. 
Agric. Educ. Res. 52. p. 1–13. 
Seeley, I. H. (1986). Building technology. London, UK: Macmillan Education. 
Seeley, I. H. (1976). Building Maintenance. Macmillan Press Ltd, London. 
 
 
289 
 
 
 
 
Seeley, I.H. (1987), Building Maintenance, Second edition, Macmillan Education, 
London.  
Sewerage and Drainage Act, Singapore. Sewerage and Drainage (Sanitary Works) 
Regulations. Chapter 294, Section 51 and 74. G.N. No. S167/1000, 1st April 
1999, revised edition 2007 (15th May 2007).  
Shabha, G. (2003). A low-cost maintenance approach to high-rise flats. Facilities. 
21(13/14) pp. 315-22. 
Sharma, D.P., Nair, P.S.C., and Balasubramanian, R., (2003). Analytical search of 
problems and prospects of power sector through Delphi study: case study of 
Kerala State India. Energy Policy. Vol 31 pp.1245–1255. 
Shelton, F. and Brugh, M (2002). Indirect Costs of Contracts. Journal of Construction 
Accounting and Taxation. pp. 3-9. 
Shen Q, Lo K-K and Wang Q (1998). Priority setting in maintenance management: a 
modi1ed multi-attribute approach using analytic hierarchy process. Construction 
Management and Economics.16 pp.693–702. 
Shohet, I. M. (2003). Building Evaluation methodology for setting maintenance 
priorities in hospital buildings. Journal of Constr. Manage. Econ. 21(7) pp.681–
692. 
Shohet, I. M., and Perelstein, E. (2004). Decision support model for the allocation of 
resources in rehabilitation projects. Journal of Constr. Eng. Manage. 130(2) 
pp.249–257. 
Shohet, I. M., Puterman, M., and Gilboa, E. (2002). Deterioration patterns of building 
cladding components for maintenance management. Journal of  Construction 
Management. Economy. 20(4) pp.305–314. 
Silva, N., Ranasinghe, M. and De Silva, C.R (2012). Risk factors affecting building 
maintenance under tropical conditions. Journal of Financial Management of 
Property and Construction, Vol. 17 No. 3, pp. 235-252.  
Silva, N. and Ranasinghe, M. (2010). Maintainability risks of condominiums in Sri 
Lanka. Journal of Financial Management of Property and Construction, Vol. 15 
No. 1, pp.  41-60. 
 
 
290 
 
 
 
 
Silva, N., Dulaimi, M.F., Ling, F.Y.Y. and Ofori, G. (2004). Improving the 
maintainability of buildings in Singapore. Building and Environment, Vol. 39 
No. 1, pp. 1243-1251. 
Sivanathan, S., Jibril, J.D., Jivasangeeta, Thanaraju, P., Dodo Y.A. and Shika, S.A. 
(2012). An Overview of Design Deficiencies on Building Maintenance. Ontario 
International Development Agency (OIDA) International Journal of Sustainable 
Development. 05:11. pp.105-112. 
Skinner, N.P. (1982). Local authority house maintenance – the variation in expenditure. 
Housing Review. Vol. 31, pp. 92-4. 
Skulmoski, G (2007). The Delphi method for graduate research. Journal of Information 
Technology Education. 6(1), pp.01-2. 
Slavila, C.A., Decreuse, C. and Ferney, M. (2005). Fuzzy Approach for Maintainability 
Evaluation in the Design Process. Journal of Concurrent Engineering, Vol. 13 
No. 1, pp. 291-300. 
Slavila, C.A., Decreuse, C., Ferney, M. and Ungureanu, I. (2004). Maintainability 
Evaluation During the Design Phase. IDMME 2004, Bath(UK), April 5–7. 
Smith, D.J. and Babb, A.H.,(1973). Maintainability Engineering, John Wiley & Sons, 
New York.  
Soh, T. C. (1997). Total building performance approach to conservation of buildings. 
Dissertation, National Univ. of Singapore, Singapore. 
Sommer, R. (1972). Design Awareness. Monograph on Psychology (General) / 
Environmental Psychology, San Francisco, S.N, pp. 142. 
Sommerville, J. (2007). Defects and Rework in New Build: An Analysis of The 
Phenomenon and Drivers. Struct. Surv. 25(5) p. 391–407. 
Sophia, S. (2011). Pegawai Penilaian, Jabatan Penilaian dan Aset, Majlis Perbandaran 
Johor Bahru Tengah. 
Sterner, E (2000) Life-cycle costing and its use in the Swedish building sector, Building 
Research and Information. 28(5/6), 387-93. 
Stewart, J., O'Halloran, C., Harrigan, P., Spencer, J.A., Barton, J.R. and Singleton, S.J. 
(1999). Identifying appropriate tasks for the preregistration year: modified Delphi 
technique, Br. Med. J. 319. p.224–229. 
 
291 
 
 
 
 
Snyder-Halpern, R., Thompson, C. and Schaffer, J. (2003). Comparison of mailed vs. 
internet applications of the Delphi Technique in Clinical Informatics Research. 
Available at: http://www.amia.org/pubs/symposia/D200120.PDF Accessed 18th 
July 2003. [Accessed: April 2014]. 
Mohd Sidek, H. (2007). (Chief Secretary to the Government of Malaysia) National Asset 
and Facilities Management Development. Special Key Note Address delivered at 
the National Asset and Facilities Management (NAFAM) Convention, Kuala 
Lumpur, Malaysia. 
Tay, L. & Ooi, J.T.L. (2001) Facilities management: a jack of all trades. Facilities, 
19(10) p.357-362. 
Taylor-Powell, E. (1998). Questionnaire Design: Asking questions with a purpose. 
University of  Wisconsin Extension.  
Tesfaye, A. (1997). A holistic approach towards low maintenance buildings: a case 
study of sample residential buildings in Botswana. Proceedings of Fifth 
International Conference on Inspection, Repairs & Maintenance of Buildings & 
Structures. pp. 357–79.  
Then, D.S.S. (1999). An integrated resource management view of facilities management. 
Facilities. 17(12/13) p.462-469. 
Thomas, H. & Martin, J. (1996) Managing Resources for School Improvement (London, 
Routledge). 
The Work Health and Safety Act 2011 (2011), “An Act relating to work health and 
safety, and for related purposes”, Australia, pp. 1-146. 
The Star (2007, April 12). Immigration Headquarters Havoc: leak on the seventh floor 
sends water down five levels pN4. 
The Star. (16 June 2008). Abandoned Quarters Now An Eyesore. pM12 
The Star. (20 April 2007). JB Hospital “sick” again. pN35. 
The New Straits Times. (2008, June 19). Downright Filthy Business p5. 
The Star. (28 August 2008). Residents See Red Over Piping Works. pM6. 
The Star. (22 August 2008). Solution To Stinking Woes In Sight. pM8. 
The Star (2008, June 4). Ambrin Promises Thorough Check: Inspection team to check 
94 public buildings pN14. 
 
292 
 
 
 
 
The Star (2006, February 20). Ahmad Abdullah Badawi- Billions Wasted to Repair 
Buildings and Amenities.  
Treasury Task Force (2000). How to Achieve Design Quality in PFI Projects, Technical 
Note 7. HMTreasury, London. 
Uhlik, F. T., and Lores, G. V. (1998). Assessment of constructability practices among 
general contractors. Journal of Archit. Eng. 4(3) p.113–123.  
Underwood, J., and Alshawi, M. (1999). Towards an integrated applicationfor 
forecasting building element maintenance. Int. J. Comput. Integrated Design 
Construction. 1(1) p.39–48. 
Urbach, N. and Ahlemann, F. (2010). Structural Equation Modeling in Information 
Systems Research Using Partial Least Squares. Journal of Information 
Technology Theory and Application (JITTA). Vol. 1, p. 5–40. 
U.S Department of Energy (2011), Strategic Plan Report, May 2011, United States, pp. 
1-48. 
U.S. Environmental Protection Agency (EPA) and U.S. Department of Energy (DOE), 
(1999). Operations and Maintenance Assessments. A Best Practice for Energy 
Efficient Building Operations. Prepared with funding from the U.S. EPA and 
U.S. DOE. Portland Energy Conservation, Inc., Washington, Portland. 
Valerdi, R. (2013). Convergence of Expert Opinion via the Wideband Delphi Method: 
An Application in Cost Estimation Models. 
Vanier, D.J., Lacasse, M.A. and Parsons, A. (1996). Using product models to represent 
user requirements. in CIB Workshop Construction on the Information Highway, 
Bled, Slovenia, June 10-12, 1996, pp. 511-524. 
Van Winden, C., and Dekker, R. (1998). Rationalization of building maintenance by 
Markov decision models: A pilot case study. J. Oper. Res. Soc. 49 p.928–935. 
Varcoe, B. (2000). Implications for facility management of the changing business 
climate. Facilities, 18(10/11/12), p. 383-391. 
Vinzi V. E., Chin W.W., Henseler J., and Wang H., editors. (2010). Handbook of Partial 
Least Squares: concepts, methods and applications. Springer-Verlag. 
Waterbury, R. (1985). Designing Parts for Automated Assembly, Assembly Engineering. 
pp. 211–217, February 24–28. 
 
293 
 
 
 
 
Williams, P.L. and Webb, C. (1994). The Delphi technique: a methodological 
discussion, J. Adv. Nurs. 19, p. 180–186. 
Whitehead, J.C. (1992). Measuring use value from Recreation Participations. S.J. Agr 
Economics.  p.113- 119. 
Whole Building Design Guide (WBDG) (2012). Cost Effective. A Program of The 
National Institute of Building Sciences. [Online] Available from: 
http://www.wbdg.org/design/cost_effective.php. [Accessed: 2 December 2013]. 
Williamson, A, Williams, C, and Gameson, R (2010). The Consideration of 
Maintenance Issues during the Design Process in the UK Public Sector. In Proc 
“26th Annual ARCOM Conference”, 6-8 September 2010, 1091–1100. Leeds, 
UK. 
Wong, P. (2007). Winds of Change: Ensuring Malaysian Builders Win in the Global 
Race. Article Master Builders Association Malaysia. 2nd Quarter. p.54-67. 
Wong, C. W. (1993). Influence of design on maintenance with particular reference to 
HDB flat. Undergraduate dissertation, National Univ. of Singapore, Singapore. 
Wood, B. (2012). Maintenance Integrated Design and Manufacture of Buildings: 
Toward a Sustainable Model. Journal of Architectural Engineering, Vol.18 No.1, 
pp. 192-197. 
Wood, B. R. (2009). Building maintenance. Oxford, UK: Wiley-Blackwell. 
Wood, B. R. (2007). “Open building maintenance” Open building manufacturing: Core 
concepts and industrial requirements, M. Hannus, S. Boudjabeur, and A. Malone, 
eds., Comprehensive Institution Building Programme, European Union (CIB/EU) 
Manubuild and Technical Research Centre (VTT), Finland. 
Wood, B. R. (2005). Towards innovative building maintenance. Struct. Surv. 23(4) 
p.291–297. 
Wood, B. R. (2003a). Approaching the care-free building. Facilities. 21(3–4) p.74–79. 
Wood, B. R. (2003b). Building care. Oxford, UK: Blackwell.   
Woodward, D.G. (1997). Life cycle costing-theory, information acquisition and 
application. International Journal of Project Management. 15(6) p.335–44. 
Wordsworth, P. (2001). Lee’s building maintenance management. 4th Ed., Oxford, UK: 
Blackwell. 
 
294 
 
 
 
 
Wu J. H., Wang S. C., and Lin L. M. (2007). Mobile computing acceptance factors in 
the healthcare industry: A structural equation model. International Journal of 
Medical Informatics. Vol. 76, p. 66–77, 2007 
Yang, Y.N (2003). Testing the stability of experts' opinions between successive rounds 
of Delphi studies, Annual Meeting of the American Educational Research 
Association, Chicago.  
Yin, R. (1984/1994).  Case Study Research: Design and Methods. Thousand Oaks, 
London, New Delhi: Sage. 
Yu, W.S. (2003). Accessibility for external facade of buildings. Undergrad B.Sc. 
(Building) dissertation, School of Design and Environment, National University 
of Singapore. 
Yousuf, M. (2007). Using Experts’ Opinions Through Delphi Technique. Practical 
Assessment Research & Evaluation. Vol 12 (4), pp. 01-08. 
Zainal Abidin, A.C. and Roslan, A. (2006). Maintenance management process model for 
school buildings’: An application of IDEF0 modeling methodology’, in Utama, 
W.P. and Peli, M. (eds). International Conference on Construction Industry 
2006, 21–24th June, 2006, Indonesia, Padang, pp. 81–87. Available From: 
www.fab.utm.my/ download/conference seminar. icci 200681pp12.pdf. 
[Accessed on: 12 January 2014]. 
Zhong, L. and Youchao, S. (2006). Research on Maintainability Evaluation Model 
Based on Fuzzy Theory. Chinese Journal of Aeronautics. 20 p. 402-407. 
Zinn, J., Zalokowski, A., and Hunter, L., (2001). Identifying indicators of laboratory 
management performance: a multiple constituency approach. Health Care 
Manage. Rev. 26 p.40–53. 
Zuhairuse, M., Ahmad, R., Adi-Irfan, C. and Norngainy, M. (n.d.). Correlational study 
between facilities management components of multi-ownership housing in 
Malaysia: a case study of Klang Valley. Available From: 
http://www.fab.utm.my/download/ConferenceSemiar/ICCI2006S1PP08.pdf. 
[Accessed on 12th March, 20013]. 
 
 
